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PREFACH 


M UCIT attention has been paid, of vecont yoars, 

to the rapid depletion of the coal resources of 
our own and other actively tndustrial countrios, and 
to the problems which this doplotion must ultimately 
involve, Wstimates of the probable length of time 
for which such resources will still remain available 
vary considerably. ‘The possimist says a fow—vory 
fow—hundred years; the optimist many thousands 
of years; and opinions as to the feasibility of re- 
placing such stores of energy, when exhausted, by 
enorgy derived from other sources are as widely 
divergent, 

Jfrom the very nature of the caso it is impossible 
to do more than givo an intelligent guess at the 
magnitude of the remaining deposits of fossil fuels. 
Still vecont invostigations in this and in other 
countries hayo thrown a good deal of light on the 
subject, and it is probablo that tho latest estimates 
are voasonably close to the truth, Also ow Imow- 
ledge of other natural sources of onergy is now 
suliciontly complete td onable us to obtain some fair 
idea of their possibilitios as factors in any gonoral 
powor achome, 


vi PREFACE 


In view of the remarkablo discoveries mado in 
the domain of molecular physics during the past 
decade, it is indecd conceivable that the ullimato 
solution of the world’s energy problem may bo inde- 
pendent of those natural agencies with which the 
present age is familiar, and that the ongincor of the 
future may have at his disposal, and bo able to 
utilize and control molecular activitios such as aro, 
at present, entirely beyond our reach. Such & solv 
tion is, however, even beyond the scope of rational 
speculation in our present state of knowledge, and 
while not impossible, it would appoar to be in a high 
degree improbable. 

Nor, fortunately, is there any ronagon to anticipate 
that the utilization of such sources of cnergy will 
be necessary in order to maintain, indefinitoly, tho 
normal industrial activities of the world, Those 
agencies with which we are at present more or logs 
familiar are full of possibilities, and the following 
pages are devoted to a consideration of thasgo posai- 
bilities and of their bearing on the probable solution 
of the energy problem, 

A. WL G, 


Dunpur, 
Tuly, 1918 
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CIIAPTER I 


WIN WORLD'S BNERGY PROBLEM AND THE 
POSSIBILININS OF IT'S SOLUTION 


‘To most minds thore is a certain fascination in the 
altempt to forecast somothing of the conditions of 
lifo and social activity on carth through the conturies 
ahoad, Jor us, living in an age throughout which 
tho growth of scientific knowledge and mechanical 
invention has beon continuous and has achieved 
yosults beyond tho dreamy of our predecessors, thero 
ig a natural tendency to assume that such progress 
will bo continuous in the fulure ag in the immediate 
past, and that tho coming centuries willas far exceed 
our own in mechanical, industrial, and inventive ac- 
tivity as this exceods thé conturics gone by. Whether 
such an assumption is justifiable or not, only time 
can toll, Poriods of relatively intense activity and 
matorial progress have occurred from time to time 
in the past, notably in the civilizations of ancient 
Lgypt, of Babylonia, Greece and Rome, but only to 
be succeeded by poriods of stagnation in which much 
of tho previous gain has been loss In this, ag in 
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other respects, it is not inconcciyeble that Listory 
may repeat itsolf Still, thore is a fmdamenial dif- 
ference between the world-wide distribution of our 
present civilization and tho local nature of those 
which have preceded it, and it is all but unthinkablo 
that any such relapse as has occurred in the past can 
again be possible, . 

Whether the happiness and well-being of mankind 
would not indeed be better conserved by a general 
slackening of the intense activity and competition of 
the present age is another matter ; but whatever the 
future may hold, there is little sign of any tondency 
in this divection at present, and we must free the fact, 
that a considerable increase in matorial progress and 
industrial activity in the years to como is nod only 
poasible but extremely probablo. 

And, granting this, we are bound to recognise 
that it must involyo immense changes in many of 
tho conditions which wo are apt to regard as a sottlod 
feature of the prosont or of any future dispensation, 
Social and economic lores tending to this ond aro 
continuously at work, and, among tho Iatier, one of 
tho most important is that due to tho gradual do- 
plotion of tho world’s store of cheaply available 
onorgy. ‘ 

It is axiomatic that the permanence, xtill move 
the growth, of the present stato of matorial activity 
depends entirely’ upon the availability of an amplo 
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supply of mechanical cnergy. Moreover, everything 
points to the conclusion that it camot be long— 
geologically spoaking—before the most easily avail- 
ble of such supplies, those of our coal- and oil-fields, 
ave go soriously copleted as to become a negligible 
factor in the genoral energy schemo of the globo, 

As to their ultimate exhaustion there can be no 
doubt, Roprosenting as they do tho slowly accumu- 
lated savings of radiant enorgy poured on to the 
earth during countless thousands of years they are 
yet strictly limited in amount, and though that 
amount is in the aggrogato cnormous, tho expe- 
rienco of recent years toaches that in om own 
portion of the globe they aro oven now begiming 
to show signs of the ond. 

Our knowledgo of the magnitude of these doposits 
and of their probable duration is of necessity vory 
incomplete. The first systematic investigation of the 
coal moasures of this country was mado by a Royal 
Commission appoinicd in 1866, After considoring all 
tho available ovidence, they roported in 1871 to the 
offect that the amount of cox} availablo in proved 
fields at depths Tess than 4000 foot was approximaicly 
00,000 million tons, and that o futher 56,000 million 
tons was available in fields not as yot tapped. A second 
Commission appointed in 1001 roported tn 1905 to 
tho offoet that the coal available in proved flolds was 
roughly 101,000 million ions; in“unproved flolds, 

1-2 
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39,400 million tons, with an additional 6200 million 
tons at depths greator than 4000 foot; giving a grand 
total of 145,600 million tons, 

The total output of British collierics in 1870 was 
about 110 million tons. In 1905 it had vison to 236 
million tons, and in 1911 to about 272 million tons, 
Thus, on the above estimates, if the present rate of 
output were to be maintained, and if the whole of tho 
coal could bo won, the lifo of our British coal-fiolds 
would be about 530 years, or, allowing for a wasingo 
of 83 per cont., 350 years. Jt must bo remembered, 
however, that the demand for fnel has, in the past, 
shown a continuous acceloration, and in his pre- 
sidential address before the British Association in 
1911, Sir Win. Ramsay estimated that if the prosont 
rato of increase in the output were to bo maintained, 
the life of these coal-fiolds would not oxcced about 
175 years. 

Tn the United States, according to the U.S, Geo- 
logical Survey the known coal-fields cover a total 
area of 310,300 sq. miles, to which uny be added 
about 160,000 sq. miles of which little is known but 
which may contain workable soams, and about 92,000 
sq. miles where the coal is at too great a depth to 
bo worked undor prosont conditions, The supply of 
coal before mining began is ostimated to havo boon 
2,760,000 million dons, consisting of 18,750 million tons 
of anthracito, 1,488,000 million tons of bituminous 
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conl, 580,000 million tons of semi-bituminous coal, and 
666,250 million tons of lignite. 

Vhe total production of conl to the end of 1911 
has amounted to an aggregate of 7800 million tons, 
and. this represents, including wastage in mining, an 
oxhaustion of tho beds cqual to 12,660 million tons 
or somewhat Joss than 05 por cont. of the original 
supply, leaving as yot available some 2,740,000 million 
tons. 

Rogarding other parts of tho globe, thore is 
much greator uncoriainty as to the magnitude of 
the available doposits. China is known to have 
deposits approximating 76,000 sq. miles in super- 
ficial area. No reasonably close estimate of tho 
amount of these doposits is possible, but assuming 
them to yield tho same quantity per sq. milo as is 
estimated! for tho coal-flolds of the United States, 
this gives about 600,000 million tons, Tor othor parts 
of the world, the most recent available ostimates aro 
as follow : 


Germany ... se 148,000 million tons, 
Austria-ITungary ... 14,000, : 
France... ve 17,000 y 


Belgium... ve §=—-:16,000 =», > 
Russia, not less than 20,000 —,, a 
Canada ,, 4, 4, 100,000, 5 
India a vs 10,000" ,, iy 
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Adding to theso 
Great Britain... 146,000 million tons 
United States ... 2,740,000 " 
Chinn... 0. 600,000, ‘j 


and making an allowanco of 192,000 million tous for 
other (unspecified) countries, we got n grand total of 
4,000,000 million tons, 

Tugo as is this total, tho aggrogate output of tho 
world’s coal-fiells is on a commensurate sealo, ‘Tho 
following approximaio fignres, referring mainly to 
the years 1905 and 1910, aro tnken from Iulloting 
issued by the U.S. Geological Survey, 


1005 1910 
United States .., 860°7 4480 million tons, 
Groat Britain .., 2860 20h, 3 
Gormany .. 4, 18B8 led, te 
Aushin-ungmy ..  40°7 (1000) 488 ,, 44 
Fianco 4, w 86-0 0, 7 
Belgium, we ALB 25, 4 
Russia and Finland = 17-1 ? aan, a 
Japan vee oe ALD ((900) Lh? ,, * 
Comeda ue 78 id, di 
Ohina Ta iJ (1900) 1ba,, i} 


India woo BM (1900) Dg, 
Aushatin nn. ue TG (1000) 71, 7 
Othor Counhies ... 162 gba, ra 


Rotel 808°? WaT yy, 


For 1911, tho*outpal in tho United Kingdom was 
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271'9 million tons; in the United States, 443°0 million 
tons; and in Germany, 158'2 million tons, 

Thuge as is this present rate of output, it will 
appear comparatively insignificant in the future if 
a corresponding vate of incrense iy mainiuined. At 
tho present rate of consumption, the world’s depostls, 
on the foregoing estimates, and allowing for 33 per 
cent, of wastage, would last somo 2500 yours; whereas 
should tho consumption keep on increasing at the 
sano arithmotical rate as during the past five years, 
they would bo oxhausted within 350 years, 

Moreover, long before tho fields are actually de- 
plenished, deep mining and heavy transportation 
charges must rendor their output comparatively 
costly in most of tho present contres of industrial 
aolivity, and it is certain that from tho pregont 
time the price of coal will riso steadily until it 
reachos & point at which other sources of onorgy, 
at present moro costly and less convenient, will be 
able to compoto on loyel terms, Even now anthra- 
cite has become too costly for uso in many industrial 
processes, and its price is rising at a rato which 
promisos to place it outside the class of ordinary 
fuols within tho lifetime of the present genoration, 

Oil Fuel. Recont developments in the use of 
potroloum as a fucl for steam boilors and intornal 
combustion onginos, have led to the oxploilation of 
oil-fiolds in many parts of the worlds Deposits of ofl- 
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bearing strata, or of bituminous shalo from which 
fuel-oil may be obtained by distillation, uro widely 
- distributed over the surface of the globo, ag indi- 
cated in Fig.l, By far tho greater portion of the 
oil ig: at prosent obtained from wells drilled into 
petroliferous sirata. Such siratw occur in rocks of 
all geological agos from the Silurian upwards, bul 
the most productive areas are the Palacozoic in 
North America, and tho Tertiary (Mioceno) in the 
Caucasus, At tho present time Amorica, Russia, and 
Galicia aro the largest producors, the former country 
yielding some 63 por cent. of the total output 

The principal potroloum deposits of the world 
are usually intimately associated with the principal 
mountain chains, In America, oil is found in Alaska 
and in a bolt extending from Quebee to Tennossce ; 
in California; from Nebraska along tho Missouri 
river, and south to tho Gulf of Mexico ; in Cuba, 
Trinidad, and the northern portions of South Amorica 
and southwar das fav as Poru,and the Argentine, 

In Europe, in addition to tho famous oil-fleldy in 
the neighbourhood of the Caucasus and of tho Blick 
Sea, deposits are worked on the northorn slopes of 
the Carpathians in Galicia, in Roumania, ‘Transyl- 
vanin, and TIungary, A small flold is leo worked 
in the neighbourhood of Untiovor, while Joss jm- 
portant deposits avo fornd in Sicily. Outside Enrops 
and Amorica, doposits—in sumo cases vory extonsivo 
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Fig, 1. The Principal Petroleum and Oil-Shale Deposits of the World. 
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—are being opened up in Persia, Burmah, Borneo, 
Australia and New Zealand, and tho world’s annual 
output of oil, which has grown from about 26 million 
tons in 1005 to 62 million tons in 191], is likely to be 
largoly augmented in the near future. 

Tho prosent output, if it could be entirely utilized 
as tual for steam raising, would, however, only be 
equivalont to something undor 7 per cout. of the 
world’s output of coal, If nse in internal com- 
bustion ongines it would bo oquivalent, as a source 
of power, to about 15 per cont, of tho coal raised. 

Moreover, only a fraction of the oil is available as 
a fuel. A largo proportion is, and always will be, 
required for Inbricating and illuminating purposes. 
Ag tho crude oil comes irom tho well, it is a complox 
mixture of many hydrocarbons, which varies in its 
chemical and physical proportics according to tho 
district from which it is obtained, This mixture is 
rofined by fractional distillation yielding in turn petro- 
loum spirit, lanyp oil, lubricating oil, and a heavy 
residue (Astatki) which forms a valuable fuel, A 
typical ofl will givo tho following approximate yield: 


Amouican Russian 

(por cent.) (por oont.) 
Polvoloum spirit... 16 6 
Lamp oily. wee ® Bd 20 
Taliicating ofl .. 18 6 


Residue os a 58 
Loss on « =10 10 
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Thus, in the most frvourablo grades of oil, not 
more than some 65 per cent. is available for power 
purposes, 

Various theories are maintained as to the process 
of formation of petroleum, One school of thought 
attributes it to the distillation of such fossilized 
vegetation as coal; a second, to the decomposition 
of organic hnimal remains; and a third, to the action 
of water vapour undor high pressures pon various 
metallic carbides. The oil-bearing strata in Tuvopo 
belong chiefly to the Tortiary or later geological 
periods, and it is conceivable that in these strat 
or in those below them carboniferous deposits may 
exist and may be the sources of tho oi}, but in the 
United States and Canada the oil-bearing sands are 
found in the Devonian and Silurian formations which 
contain organic remains only in insignificant quan- 
tities, This and other cognato reagons give weight 
to the third of tho above-mentioned theovics, Ac- 
cording to this, when in consequonco of cooling, or 
for some other reason, the continuity of the oarth’s 
crust is disturbed, surface waters ave enabled to make 
their way deep into the bowels of the carth and to 
reach the heated deposits of metallic carbides which 
in all probability are to bo found in onormous massos 
at groat depths, Under suclt circumstances, fron oy 
whatever metal may be present forms an oxide with 
the oxygen of the water; hydrogon is sob fvoo and 
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combines with the carbon of the carbide to form 
a volatile hydrocarbon; and this, finding its way 
under pressure through any adjacont porous strate, 
is condensed wholly or in part ag its tomporaturo is 
lowered, 

Tf this oxplanation be upheld, there is no reason 
why the manufacture of ofl in Nature's laboratory 
should uot proceed indefinitely. Indications, however, 
point to the fact that at the present time any such 
vate of manufacture is not commonsurable with that 
of its depletion, and judging by the comparatively 
short life of many of tho fields which have been ox- 
ploited, the oil-bearing strata will be exhausted long 
before our coal-fields. ‘The late Prof. Schaler™ of Iar- 
vard University has indeed predicted that the supply 
of oil from wells sunk in the carth’s crust will not 
sensibly outlast the present century, although this 
outlook is probably too pessimistic. Recent estimates 
by the U.S, Geological Survey givo from 2000 to 4000 
million tons as the probable resources of the United 
States and this, at the presont rate of output, which, 
however, will probably be considerably accoloratod 
in the immediate future, would, allowing for wastage; 
last for between 500 and 1000 years, Whilo tho 
outpul has steadily increased during the last 60 yoars, 
tho increase has not bdo noatly | in tho same ratio as 
tho number of wells, ‘This is particularly the caso in 
America, where many of tho fields which, a fow yoars 
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ago, were among the largest producors, now rank vory 
low in this respect. As a more pormancnt soureo of 
energy, the oil-shale deposits, arch as are found in 
Scotland, Franco, Australia, Wastorn Canada, and tho 
United States aro promising from a geological sland- 
point, although at prosont their output is relatively 
insignificant. ‘The oil-shalos of Scotland and of 
Australia aro sufficiently rich in carboniferous matior 
to enable their product te compete in price, oven 
now, with tho output of oil wolls, ‘The Vevonian 
shales of the United States aro much poorer, and 
their oil cannot be produced at a cost much loss 
than three times that now obtaining for such fuol. 
Still the magnitude of thogo deposits is 30 onormous 
that they ave bound to play a large part in the fuel 
supply of the globo at no vory distant time, 

The Devonian black shale undorlios 4 large portion 
of the Mississippi Valloy, as well as of Ponnsylvanin 
and New York, and vanges in thickness from 26 foot 
to many hundreds of feet. Tho Utica shalo, which is 
generally much thinner, undorlics tho northern Ap- 
palachian rogion. While such shales aro genorally 
better adapted to tho production of gas than of oil, 
thoy farnish proportions of oil on distillation verying 
from 6 por cent. to 26 por cont, of their iotal woight. 
It is ostimated that the State’ of Kentucky alone has 
18,000 square miles of deposit, capable of giving 
9 million tons *of oil per sq. mile, or a total of 
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160,000 inillion tons, and it does not seom improb- 
able that tho oil-shale deposits of tho States may 
ultimately provide as much fuel as the whole of their 
coal doposits. In the United Kingdom tho only deposits 
of this nature are those of the Broxburn, Midlothian, 
and Linlithgow districts of Scotland. ‘These have 
boen successfully worked sinco about 1850, but aro 
relativoly insignificant in magnitude, their total yearly 
output of ofl only amounting to about 300,000 tons. 
The shalo is distilled in retorts at temperatures 
varying from 900° to 1300° IF, steam being passed 
through the retort during the whole process, This 
onables the nitrogen prosont in the shale to be re- 
covered in the form of ammonia, a ton of shale 
yiolding from 180 10 270 Ibs. of crude oil, and from 
40 10 70 lbs. of ammonium sulphate. When refined, 
this crudo oil yields approximately 


Naptha ... va ve 6 per cont. 
Lamp oil ... vis ave ODE gy iy 
Iloavy fuol oils ... ve 2B yy 


As a fuol for stoam raising, the, heavy petroleum or 
shale oil residues possess many advantages over coal, 
and woight for weight will ovaporato about 50 por 
cent, more water. Utilized as a fuol for uso in on 
internal combustion engino, the oils, whothor heavy 
or light, show a much greater economy. When used 
in this manner, 1 tb, of of] will gchorate as much 
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mechanical energy as will 3°5 Ibs, of coal in a good 
stoam plant. 

Natural Gas, The natural gas which is usually 
given off from borings in the vicinity of oil wells 
consists principally of methane, and is valuable cithor 
ag a fue} for internal combustion onginos or boilers, 
or for illuminating purposes. Extensive deposits have 
been drawn upon in the United States for many years, 
and, according to the records of the U.S, Geological 
Survey, about 500,000 million crbie feot were con- 
sumed in 1911, As a fuel for steam boilors, this is 
equivalent to some 10 million tons of coal, while if 
used as a gas engine fuel it becomes oquivalont for 
power purposes to erbout 33 million tons of coal 
burned under a steam boilor. 

In spite of tho opening up of now deposits, the 
supply for 1911 shows a slight reduction as comparod 
with that of 1910, which itsolf was practically the 
same as that of 1909. Tho gradual depletion of the 
older supplies in Ohio and Kansas is very apparent, 
and it is estimated that if the present rate of con- 
sumption is maintained many of the sources will bo 
totally depleted within the next ton yonrs, As 4 
factor affecting the coal consumption of the country, 
this depletion of iis gas supplics must Jargoly countor- 
balance any gain which may So anticipated from the 
increasing use of oil fuol, 

Peat, Of réconit years much progress has boon 
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made in the utilization of peat as a fuol for domestic 
and industrial purposes. Tixtensive peat deposits 
are found in various localities throughout Europe 
and on the American Continent, Tho areas of the 
Enropoan deposits are estimated to be approximately 


as follow® ; 
By. miles 


Russie and Vinland te ee 175,000 
Sonndinayia and Denmnlc ei 26,700 
Germany... pe ; aa 10,000 
Toland of wae > re 1,800 

218,500 


As taken from the bog, peat contains between 
80 and 90 per cent. of water, and, on the avorage, 
about 125 per cont, of dry substance. The woight 
of dry peat in a bog one square mile in aroa and 
10 feot deep is approximately 1,000,000 tons, and this 
ig equivalent for industrial purposes to some 600,000 
tons of coal, ‘Taking 10 foot as the avorage workable 
depth, tho bogs of Ireland are equivalent to 900 
million tons of coal, and the total deposits of Hurope 
to somo 100,000 million tons, or a little over onc- 
fourth of tho estimaicd coal deposils of Murope 
Cineluding the United Kingdom). 

Tho chiof drawbacks io the use of poat on a largo 
soalo arise from tho high porcontago and variablo 
proportion of moisture which it contains, and also 
from tho bulkjness of the material,” which rondors 
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trausport costly, Before being used as a fuel the 
greater portion of the moisinre must bo removed, 
and tho difficulty is to find somo economical mothod 
of doing this, Artificial heating on a largo scale is 
out of the question, and nix-drying is the only practi- 
cal alternative, Hyon when air-dried the material 
contains some 26 per cent, of water, while in climates 
ag humid as thoso in which the hogs aro usually ford 
the attainment of this degree of comparative drynoss 
ig a matter of some difficulty, Such peat has a hoating 
yalue about 40 per cont, of that of conl. 

Much exporimental work has beon dono of rocont 
years, particularly in Gormany and in Canada, with 
a view to modifying the ordinary gas producer for 
the use of peat as a fuel and to roducing the wator 
contents of the matorial by mechanical processes, 

Tn the former connection it has become possible 
to utilize peat containing as much as 50 per cont, of 
moisture, a degroc which may be very casily attained 
by simple air-drying ; while, by heating tho matorial 
under pressure to about 300° Fahy. and pressing to 
remove the moisture mechanically, it has boon found 
possible to mould it into briquoties containing only 

about six per cent, of moisture, and haying a calorific 
value of between 9000 and 20,000 B-ti.v,” por Ib,, 
or between 60 and 70 por* cont, of that of ooal, 
In spite of the necossity for, and tho cost of such 
preparatory processes, tho prosent consumption of 
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peat for industriel purposes is large in suitable locali- 
ties. In the Moscow-Vladimir district of Russia the 
consumption in 1909 was 600,000 tons. In this dis- 
trict the average distance between bog and will is 
about 7'5 niles, and the cost per ton at tho mill yard 
averages 98. 4d, which would bo equivalent to coal 
at about 238. per ton, 

In districts more remoic tho cost of transport 
would tell against the cost of peat as against that 
of coal, and in spite of the magnitude of the deposits 
they cannot be expected to relicvo the demand for 
coal and oil to any appreciable extent for many years 
to come, Still, as the cost of these latter fuels in- 
creasos, the peat deposits will doubtless bo drawn 
upon to an increasing oxtent. 

Other sources af energy. In any case, sooner or 
lator it will become necessary to utilize some other 
onergy than that of the fossil fuels to do a fair sharo, 
if not tho major part, of the work of the civilized 
world, and algo to provide the domestic heating with- 
out which existence, on the present staudard, would 
be impossible during a Jargo portion of cach year in 
the majority of our present Gontres of industrial 
activity, 

It remains, thon, to consider what other sources 
of enorgy are available Yor ‘such purposes, 

In this connection the following oxtract from a 
paper by Sir Oliver Lodgo® 4s suggestivo of immenso 
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possibilities, Speaking of the energy locked up in 
the asther, he says: 

“Ag far as our present knowledge goes, an amount 
of cnergy equal to the output of & 1,000,000 kilowatt 
power station for 30,000,000 yoars oxisia, at present 
inaccessibly, in every cubic millimetre of space,” 

Fortunately it is impossible for us to Hberate this 
energy at will, ar the immediate results might be 
almost inconccivably disastrous. Still, as tho he- 
haviour of radium shows, tho cnorgy of molecular 
combination does, under some circumstances, undergo 
gradual transformation and degradation, Sir Wm, 
Ramsay has estimated that tho cnergy liberated hy 
a pound of vadinm during its disintegration Is 460,000 
times as great as that of a pound of coal, or ig oqui- 
valont to that utilized in a steun engine by tho 
combustion of about 050 tons of fuel. Actually, 
radium takes about 1760 years for its natural dis 
integration ; but if it wera possible to hasten this 
process until it took placo at tho rate of ono pound 
in 24 honrs, tho enorgy liberated would bo as great 
as that developed by an engine of 40,000 hovso-power, 
and the enorgy of six ° pounds of radium would sulfee 
to propel a vessel of the size of the Olympio across 
the Atlantic at a speed of 21 knoia, 

As the total amount of tadinn oxisting in the 
uranium ores of tho world is ostimated to bo some- 
thing under 600 pound’, it is evident that, so for 
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as our prosent knowledgo goos, nob much is to be 
anticipated in this particular direction, But,.apart 
from radium, it is probablo that cortain elomonts, 
which have hitherto been considered as permanent, 
are capable of boing broken down with evolution of 
onergy; and if any means could be dovisad for accolo- 
rating thoir almost inconceivably slow rate of change 
- in such a way as to vendor their storos of onergy 
easily and cheaply available, the energy problem 
would require no furthor solution. 

Putting these fascinating possibilities aside, how- 
evor, as being for the present oven beyond the scope 
of rational speculation, it appears that the remaining 
sources of energy available to man may bo roughly 
classified as follows ; 

(1) Enorgy loaving the sun and reaching the 
earth as radiant heat 

(2) Energy of fuols othor than coal, oil, and 
poat, such as vogelablo fibres and oils, timbor, and 
alcohol, of which a regular and permanent supply 
may “be ensured go Jong as present seasonal and 
climatic conditions continue. 

(8) Loat onergy stored in*the earth in virtue 
of the high tomporaturo | of its interior, 

(4) ‘The cnergy of rivers and watorfalls and of all 
clovated stores of water? 

(5) The kinctic onorgy possessed by the emrth in 
virtuio of its diurmal rotation about iis own axis, 

2-2 
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Advantage may be taken of this by utilizing tho rise 
and fall of the tides as » source of enorgy, 

(6) ‘Lhe energy of the waves of the sea. 

(7) ‘The energy of the winds, 

With the exception of the earth's kinetic energy 
and of its internal heat, all those aro directly or 
indirectly due mainly to radiant cnergy leaving the 
sun, ‘The synthesis of carbon dioxide and wator 
to form the complex carbohydrates of growing vogo- 
tation is directly dependent on such cnergy; tho 
energy of all clevated wator-supplics, produced as 
it is by evaporation of water from lower lovels, is 
mainly due to the same cause, and in a vory minor 
degree to heat transmitted by conduction from the ° 
interior of the carth ; while the cnorgy of tho winds, 
which are almost entirely caused by differences of 
temporature and humidity, and of wave-motion, 
which is directly duo to the action of wind, may also 
be attributed to the same source, 

The following chapters are devoted to a moro 
detailed examination of theso supplies of enorgy ; of 
their possibilities as factors in any genoral powor 
scheme; and of thé possibilities of consorving ow 
presont fossil fucls by improvomenta in our methods 
of utilization. 
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CHAPTER U 
TUT TRANSFORMATION OF HNERGY 


Winn the energy of certain of the great natural 
sourcos, as for example the winds, tides, and water- 
falls, is in a form directly available for mochanical 
purposes, the cnergy from other sources is not so 
directly available. 

A picce of coal, for oxamplo, during its chemical 
combination with the oxygen of the air in com- 
bustion, liberates energy in the form of heat; a piece 
of zinc forming the cathode of an clectric cell evolyes 
enorgy in the form of an clectric current during its 
chemical combination with the acid of tho cell, If 
those sources of enorgy are to be utilized to drive 
some machine, il is necessary first of all to convert 
the heat or clectric energy into mechanical energy. 

On the other hand, mechanical enorgy, such ag 
may bo directly available at some hydrdulic power 
installation, ofton has to be conyerted into electrical 
energy, in which form it is most easily transmiticd 
through long distances, and a portion-of this may 

‘afterwards requive to bo transformed into mechanical 
energy or into heat eng gy in some form of electric 
heator, 

Tenco this treatise is largoly concerned with the 
transformation of cnergy from one form to anothor, 
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It is a well-known physical fact that heat and 
mechanical cnergy are mutually convertible, and that 
the transformation, whon it occurs, always docs 80 in 
a definite ratio. ‘This fact was frat discoverod by 
Joule (1840), who, as a result of exporimont, con- 
cluded that one British Thermal Unit (a...) of 
heat is the equivalent of 772 foot-pounds of mechan- 
ical onorgy, and vice vers, More recent exporimonts 
indicate that Joulo’s original valno is sumewhat low, 
and 778 is now accepted as being hore nearly tho 

* true value of tho “mechanical equivalent,” of hoat, 

Since one hor'se-power involves the exponditure 
of 33,000 foot-pounds of enorgy por minute, it follows 
thata supply of heat enorgy of magnitude 30,000 + 778 
or 4242 8,01,0, per minute is the heat equivalont 
of one horse-powor. 

The trausformation from mechanical onorgy to 
heat takes place sensibly without loss at all tomporn- 
tures, Thus, if an engine developing 100 m2, at its 
crank shaft drives a drum on which is mounted a 
friction brake by which the power is absorbed, tho 
heat given to the drum and brake will be 4242 Baunw. 
per minute, aud this is sensibly true whothor tho 
drum be kept cool by means of a stream of wator ot 
whether, in the absence of cooling arrangements, 
it be.allowed to got red or whito hot. 

On the other hand, owing, as will bo seen, to tho 
fact that the oarth is at fle presont tomperature, 
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the roverse transformation from heat to mechanical 
onorgy cannot, under normal conditions, be carried 
oub with any high dogree of officiency, 

It may readily bo shown that a perfeet heat 
engine, Ze. one freo from all radiation, conduction, 
lenkago, and frictional losses, working on the most 
ofliciont of cyclos, recoiving its hoat at an absolute 
tomporaturo 7) and rejecting it in the oxhanst at 
& lowor temperature 75, could only convert & fraction 
2-75 

qT, 
valuo of 7, tho efficiency of conversion incronsos 
as 7, is diminished, and would bo unity, Ze tho 
transformation would be complote if, and only if, 
7, wore zovo, The lowest valuo which 75 can possibly 
havo in any heat engine is, howovor, governed, for 
all practical purposes, by the normal temperature of 
its surroundings, For examplo, in ® condensing 
stoam engino the working fluid cannot bo cooled 
below the temperature of the available condensing 
water, and this doterminos tho possiblo lower limit of 

" [yidently this cannot be Jowor than the mean 
natural temperature obtaining in tho vicinity of tho 
motor, which in this country has a value of wbout 
60°F, or 621° absolutg. Tt is truo that the con- 
donsing water mighl be cooled in a rolrigorator 
bofore uso, and this would onable the tomporaturo 
and pregsuro of tho oxhaust steam to be reduced with 





of this into mechanical energy. For a given 
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a consequent increase in the work dono by the engine, 
But the onorgy necessary to opernts the refrigorator 
would be greater than the additional enorgy developed 
in tho engine, so that the compound process would 
yesult in a nett logs. 

Tt follows that, if hoat enorgy bo supplied at sy 

71) — 52) 

700° absolute, not more than my 26 per 
cent, could possibly bo transformed into mechanical 
energy, and even wilh an ideally perfect ongine 
75 per cont, would be rojected to the surroundings 
at a temperature of 621° absolute, 1, however, tho 
initial temperature were 7000° absolute inatead of 
700°, the proportion which might ho transformed 
vises ab once to ii oy abnost 98 per cont. 
This example illustiates with sufficient clowness the 
immonsely greator possibilitios, ay regards tranator- 
mation into mechanical work, of high-tomporatnre ag 
against low-Lemporaturo hent. 

In this respect a dwollor, say on Mas, with a 
mean annual tompoyaturo of about 100° absoluto 
would be much moro favourably cireumataneed, 
Given heat at a temperature of 700° nbsolite, hiv 
700 = 400 

700 > 
43 per cent. into useful work ox against 2h por 
cont. on earth, while if his initial temporatiue wore 


same perfoct ongine world *convert or 
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7000° absolute, the proportion would become 
7000 — 400 

7000 
cent. on earth, 

The conversion of mechanical into clectrical cnorgy 
in the dynamo-clectric machine, or of electrical into 
mechanical energy in the clectro-motor, is an ox- 
tromely offictent process. In cither case some part 
of the energy is utilized to overcome frictional and 
eddy current resistances and is ultimately trans- 
formed into heat. ‘This proportion is, however, small, 
and in a modern machine the efficiency of conversion 
in either direction is in the neighbourhood of 90 per 
cent, Electrical cnorgy may be converted into heat 
by passing tho current through a cireuit in which 
it has to overcome a comparatively large clectrical 
resistance, and so long as tho resulting temperature 
is lower than that of incandesconce practically the 
whole of the cnergy is transformed into heat, 

The reverse process of converting heat directly 
into electrical energy may be accomplished by the 
agoncy of a thormo-clectric coll, but the efliciency of 
such a procoss is very low, and it is, so far, imprac- 
ticable of accomplishment on any large scnle. 

The transformation, of the onorgy of chemical 
combination into hoat or into cloctrical onorgy is 
vory officiont, and in tho ordinary boiler furnace 
or primary coll well over 90 per cont. of the onergy 


=94 por cont. as against about 93 per 
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of oxidation of the fuol, or of the zine plato as the 
case may bo, is rendered available for furthor nso, 
As the conversion of electrical to mechanical energy 
is also vory efficient, the primary cell, in conjunetion 
with some form of electro-motor, onables the oncrgy 
of chemical combmation to bo converted into 
mechanical enorgy with comparatively little loss, 
Unfortunately, however, tho cost of tho materials 
suitable for uso in a battery yendora the method 
prohibitive on any largo scalo, 


CIIAPTER III 
¥ The UNILIZATION OF TIN FOSSIL PURLES 


As long ag tho fossil fuels form the choapost and 
most economical sources of cnorgy for heating ond 
power purposes, so long will their doplotion continue 
to the negloct of other and loss convoniont sonrees, 
Nor can this or any succeeding gonoration be oxpectad 
to conserve such rosqu'ces for tho benefit of postority 
by a deliberate limitation of its industrial activitios, 
or by any oxtonsivo utilization of other soureds go 
long ag these are Joss conveniont or more costly, ‘The 
elimination of all avoidablo wasto by tho adoption of 
moro officiont mothods of utilization is, howovor, a 
difforent matter, In so fav ag such mothods may bo 
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adopted without accompanying disadvantages, there 
can bo as little doubt that cach genoration is morally 
bound to do its utmost, as that many of our present 
mothods leave an cnormous scope for improvement in 
tho way of fuel oconomy. 

It is difficult to ostimate with any pretonsions to 
accuracy what proportion of the world’s output of 
coal ig used for various purposes, The following 
tablo, based on figures compiled by tho Royal 
Commission on Coal Supplics, affords a rough 
idea of tho quantities used for different purposos 
in the United Kingdom in 1910, 


Power Generation. Million tons 
Paatorios ... wake ©. “dae re] 
Meronntilo and Naval Marine Hoan, oa « 1b 
Colheries ., on oy . . to 12 
Railways 2, We oni ee 4B 

88 

Industries, 

Blaat furnacos, steel and metallurgical processor 62 
Chamionl works, pottories, glase works, ate. fis 6 
Gas works ee pig. “yuseg. eed + ae 20 

. 58 

Domestio purponss .., tee ewe “ on 89 
Total 180 


As a fab proportion of tho gas output of o, gas-works 
ig ugod in gas onginos iL appears from those figuros 
that somo 50 per cent, of the coal is usod for tho 
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generation of power; 22 por cont. for domeatie 
purposes; and the remainder for general industrial 
purposes, If theso proportions be adopted as approxi- 
mately trne for the world’s output, it follows that the 
coal used for power generation at present approxi- 
mates to 600 million tons per anni, 

Taking into consideration the whole of the stcam 
plants in existence, old and new, it is estimated that 
on the average as much as 6 Ibs, of coal avo required 
pet ILP, hour, whilo many of tho older and smallor 
plants uso at least four or five times this amount, 
Assuming an average of 5 Ibs, per 1,7, how with 
3000 working hours per annum, this means that the 
horse-power of the globe, dependent on conl as a fuol, 
is of tho order of 100 millions. 

The modorn efficioné steam plant, with the nenal 
aids to cconomy in the way of steam suporheator and 
economiser, consumes between 15 and 2‘) Ibs, of conl 
per HP, hour including all stand-by losses, and 
assuming it to be possible to bring down the average 
consumption from & Ibs, to 2°6 lbs, by serapping the 
worst of the plants, this alono would involvo an annnal 
saying of some 300 million tons, having w valuo ab 
10s, per ton of £150,000,000. 

Tt is a question for argumoypt to what oxtont such 
improvements should be left to the option of tho 
individual. Uvery imofliciont stoam plant involves 
an indirect tax, nob only on all present and future 
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consumers of coal by the mere operation of the law 
of supply and demand, but also on the community 
wb large. 

Tt is true that the scrapping of an ineflicient 
power plant and its roplacoment by one of modern 
design is a costly operation, Still such an alteration 
would usually pay for itself within a comparatively 
fow years, and, in tho average case, with a plant 
using 5 lbs, of coal por uP. hour, less than 10 years 
should suffice to writo off all charges. In many cases 
where such a change might reasonably be expected 
it is not made either through indifference or through 
conservatism ; in othor cases doubtless because of 
difficulty in raising the requisite capital. In a 
community in which the interests of the wholo body 
were paramount the logical outcome would be a 
Static Conservation Department with powers to 
compel and if necessary subsidise such altcrations as 
might bo necessary; and while no public authority is 
invested with any such powers at prosent, signs are 
not wanting that such a department will form ono of 
tho most important adjuncts of tho futuro State, 

Domeatic Heating. Large us is the proportion 
of heat wasted in power generation, it ig oxceeded by 
that involved in tho methods of domestic heating 
usual in this country, ‘Tt is estimated that something 
under 12 por cont. of the heat from the coal burnt in 
an open firoplaco goes to warm tho room, while the 
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ordinary cooking range ouly utilizes some 6 per cent, 
of its heat supply. The systems, common in tho 
United States and in some continental countries, of 
heating by means of steam, hot wator, or hot air, 
from some contral heater, or by means of slow 
combustion stoves, are infinitely bettor from a trek 
eflicioncy point of viow. Although tho formor methods 
are now fairly goneral in this country for tho heating 
of largo institutions, tho central heator is still as 
unusual in our homes as is the open firoplace in tho 
United States, 

Tho open fireplace with iis cheorful aspoct and 
hygionic advantages has certainly much in its favour, 
but it is doubtful whethor tho strong prejudice of the 
average Iinglishman against its abolition is not 
mainly due to conservatism. ‘The omigrant to tho 
United States or Canada scldom oxpresses any strong 
desire to return to its use after » fow years in his 
adopted country, although the winters in most 
parts of both countries are much moro sovoro than 
our own. 

It is true that the use of gas stoves and of olectric 
radiators for heating purposes is increasing yoarly, 
and that gas cookers for culinary operations havo 
come into very general uso, At presont the wider 
adoption of such mothods is ldrgoly a question of the 
cost of gas and of electric current. With coal gas at 
2s. per 1000 oub. feet and cleatricity at 1d. por wit, 
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gas is found to be about goven times the cheaper of 
tho two in actual practice, 

From the point of view of fuel economy indeed, 
electric heating is in most cases even worse than tho 
open fireplace. If the electricity is genorated by a 
sioam plant using 2 Ibs. of coal por 1.2, hour, this is 
oquivalont to an output of 1273 heat units por Ib, of 
coal, Tyvictional losses in the stoam engine, and 
frictional and clectrical losses in the dynamo, along 
with ‘losses in iransmission, inevitably reduce tho 
onergy dolivered to the radiator to something under 
765 per cont of this, so that not more than 950 
BAU, per Ib, or a little over 6 per cont. of the heat 
valuo of the fuel is converted into heat at tho 
radiator. With an internal combustion engine as the 
source of power, using producer gas generated from 
coal, this might bo increased to some 12 per cont, but 
boaring in mind the cost of interest, depreciation, and 
attendance of the power plant, it is evidentthat tho cost 
of cloctrical heating generated from fie] must always 
bo excessive. With electricity gonorated on a large 
scale from somo cheaply available source of hydraulic 
energy the problem becomes more hopeful, and in 
somo recent installations of this type the cost of such 
hoating is claimod to be little if any greater than 
that of hoating by coal fuel ovon at tho prosont price 
of the commodity. 

The use of coal gas as a fuel for domostic honting 
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ig more promising, When heated in a rotort, gas 
coal will givo off coal gas having # (otal honting 
value about 18 per cent. of that of tho coal In 
addition to this, gas coke having a heating value of 
some 60 por cont. of the coal, is loft as a residue 
which may be uscd as a solid fucl, whilo tho gas tar 
which is also produced may, under certain conditions, 
be utilized as an oil ongine fnel, ‘Tho total loss of 
heat in the process of gasification does not therefore 
exceed some 20 per cont. Mxporiments show that an 
efficient gas stove, provided with a suficiont longth of 
piping between stove and flues to cool the products 
of combustion to about 250° I’. before allowing them 
to escape from the room, will give the samo heating 
effect with 4 cubic feot of coal gas as will the ordinary 
open grate with 1} tbs. of coal, or the modom typo of 
well-grate with 1 Ub, of coal, With coal gas at 2s, 
per 1000 cubic feet and coal at 188 per ton the costs 
of the two methods of heating ave identical if the 
coal is burned in a well-grate, whilo if the more usual 
type of grate is used the cost of heating by gus is 
little more than one,half that of coal heating. 

The prico of gas is ofton nocdlessly inflated by 
the enforcemont of unnecessarily high illuminating 
standards, but where it is required only for hoating or 
power purposes the whole of the combustible mattor 
of the fuel may be gasified in somo form of producor, 
and up to 80 per cont. of its heat value may thon bo 
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oblained in the resultant gas. As, with a woll- 
designed heating stove, somo 85 per cont. of this heat 
may be usefully utilized, the ovorall efficiency of 
such a procoss is of tho order of 68 per cont. 

‘Using a central steam or hot water system with a 
good beiloy and properly covercd supply pipes it is 
possible to utilize some 66 per cont. of the total heat 
yaluo of the coal fucl for actual hoating, or practically 
the same as with gas heating, In the average small 
house, burning say 12 tons of coal per year in open 
grates, the change to central heating would thus 
result in an annual saving of about 9 tons of coal, 
with an average value of about £10, a sum which, 
capitalised, would be more than suflicient to defray 
all the expengo of any necessary alterations, At a 
moderate estimate, the general adoption of such a 
syatem of heating in this country alone would involve 
an annual saving in fuel of the order of 36 million 
tons—truly a weighty consideration. 

Buel for Power Purposes. When required for 
the genoration of power any solid fuel may be used 
in cither of two ways. Jt may bo burned directly in 
the furnace of a boiler supplyiitg steam to an ongino 
oy turbine, or may bo gasificd in a gay producor and 
may then be burnod in the cylinder of an internal 
combustion engine. While some liquid fnels may also 
bo used in the furnace of a boiler, thoso are more 
gonerally suited for use in an internal combustion 
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motor, and for such a purpose may genorally be 
gasified without the expenditwe of any otherwise 
useful heat. 

A good steam boiler, if carefully fired, will convort 
up to 80 per cent, of the total heat of its fuel into 
energy in the form of high pressuro stcam, so that no 
great improvement is possible in this direction. 

Unfortunately, howevor, tho temperature at which 
this steam is formed is so,comparatively low that its 
availability for transference into mechanical energy 
is not very great™ ; and with the highost pressures 
adopted in practice the most perfect engine working 
on any practicable cycle could not transfer more than 
about 380 per cent. of the heat into usoful work. 
Losses inseparable from any engine or turbino using 
steam as its motive fluid reduce this proportion still 
further, and in the most efficient of modern steam 
plants only about 20 per cont. of the encrgy in the 
steam, or 16 per cent. of the energy of tho fuel, is 
usefully utilized, Nor is there any possibility of 
appreciably increasing this proportion by improye- 
ments in design and construction, Something might 
certainly be done inrtho way of increasing working 
pressures and temperatures, but with fuel at its 
present price the additional cost of the necossarily 
heavier construction, along with the incroased cost 
of maintenance, would more than counterbalance 
the possible gain in fuel economy. 
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By burning a fuel in tho cylinder of an internal 
combustion engine, many of the losses inhoront in 
the steam plant, such ag radiation from the boiler 
and supply pipes, and condensation in the cylinder, 
are climinated, while owing to the much higher 
temperature of the working fluid—some 2700° I. as 
against some 400° I.—its possibilities as rogards 
transformation of its hoat into mechanical onergy 
ave groatly incroascd, In a modern gas cngine 
up to about 33 per cent. of tho heat energy of 
the gaseous fuel is converted into work at the 
erank-shaft or twice as much as in the best sicam 
plant. 

Gas fucl and gas producers. uring the distilla- 
tion of 1 ton of gas coal to form coal gas, approximatoly 
10,000 cubic feet of gas having a heating value of 
600 BrtILU. per cubic foot, along with 1500 lbs, of 
coko and 110 lbs. of gas tar, aro produced. The 
heating valuo of the gas is thus abont 18 per cent, 
and that of the coke about 58 por cont, of that of the 
coal used, When used as a gas ongine fuel, about 13 
cubic fect of such gas is required por 1.2. hour, so 
that the gas produced from ono’ion of coal would be 
equivalent to 770 BLP. hours, ov at the rato of 3 lbs. 
of coal per 1.2, hour. This is practically tho samo as 
the consumption of » tnoderately good steam plant, 
and as tho wholo of the coke is available for power 
production tho uso of a fuol in this way is much 
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better—from a conservation point of view—than its 
use in a steam plant, 

Coal gas is, however, primarily intended for 
jiuminating purposes, and the consequent purification 
and enrichment which are necessary to ronder it 
suitable for such work add to its cost lo an extent 
which rendors it unduly expensive for power use on 
any large scalo. 

In some few districts coal gas is sold for ag little as 
Is. per 1000 cubic feet, but in general its cost is at 
least 28. per 1000 fect and at this rate it costs about 
‘82d, per HP, hour, as against an average fuol cost of 
about ‘16d, per u.2. hour in tho case of a sicam plant, 
At 1s. per 1000 feet the costs of fuel in the two casey 
are practically identical, 

Where a gas is required only for fucl or power 
purposes the necessity for any high degree of 
purification vanishes, whilo for engine work tho 
presence of the heavy hydrocarbons which render 
coal gas valuable ag an illuminant is rather a dis. 
advantage than otherwise, as it limits the degreo of 
compression which can bo obtained in the cylinder 
without risk of preiznition, For such purposes a 
much cheaper, if poorer, gay can bo made by passing 
air, steam, or & mixture of air and steam through a 
column of incandescent fucl evntained in the onclosed 
furnace of a “producer,” 

Whon air alono is used tho carbon in tho lowor 
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portions of the fuel bed burns to carbon dioxide, 
which ig reduced to carbon monoxide by contact 
with tho heated carbon in tho upper portion of the 
producer, and a gas is given off which is essentially a 
mixture of carbon monoxide and nitrogon with the 
addition of a little hydrogon (from the fucl) and 
carbon dioxide, 

A. typical analysis of the gas from a producor 
working on this systom and using coke as fucl gives 


co ie - aia, © sae? ROO, 
it ved ifs she 1:0°/, 
CO, etree 14°, 
N weet B50, 


Tho heating value of such a gas is lov—about 
115 BITILU. per cubic foot—but owing to its high 
percontage of carbon monoxide and the comparatively 
small volume of air nocessary for its combustion 
(about 1 cubic foot per cubic foot of gas) it forms a 
vory suitable gas for gas engine work, 

Owing to the amount of heat evolved during the 
first combustion of the fuel to efrbon dioxide in this 
process the temperature of tho outgoing gases is 
high—usually about 860° J’, Whore the gaa can be 
used hot, ag in tho hoating of gas rotoris, for glass 
melting, ote. this is no drawback and the procoss is 
yory officiont, Whore, however, as in gas ongine 
work, it is necossary to cool it down bofore use this 
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involves a comparatively large loss of heat, and under 
such circumstances only betweén 60 and 70 per cont. 
of the heat of tho fuol is availablo in tho coolod 
gas, Also the high furnace temperatures which aro 
produced by this method of working givo rise to 
clinker troubles with most fucls. 

The admission of steam or water vapour along 
with the air supply to the furnace serves two usoful 
purposes, In the first placo it tends to keep down 
the temperature of the furnace and hence to reduce 
clinker troubles. Secondly, tho sicam combines with 
incandescent carbon to form hydrogen and carbon 
monoxide, both of which go to onrich the gas. The 
interaction of water vapour and carbon is an endo- 
thermic process, that is it absorbs heat, and the heat 
of combustion of the resultant gases is greater than 
that of the carbon involved, by the amount of heat 
absorbed, When this action takes place in a 
producer it absorbs a portion of the heat evolved in 
the.combustion of carbon to carbon monoxide, less 
heat is wasted in heating up the outgoing gascs and 
in radiation, and thd overall efficiency of the process 
is appreciably increased, ‘Tho gas produced contains 
moro hydrogen and carbon dioxide, but less carbon 
monoxide than with a dry air blast, Tis composition 
depends largely upon the amount of wator vapour 
admitted with tho air, and also on the composition of 
the fuel. ‘Tho best results are obtained whon about 


mz] UTILIZATION OF FOSSIL FUELS 39 


‘6 Ib. of vapour is admitted per Ib. of fuel, and 
under these circumstances the heat of combustion of 
the gas, even when cooled, is about 80 per cont. of 
that of the fuel, With more vapour than this a 
portion passos through the furnace without boing 
decomposed, carrying with it its latent heat of 
yaporization and so reducing the efficiency of 
working. When working under tho best conditions 
the gas from such a producer, using anthracite as a 
fuol, has a composition approximating to 


co os wes he 25 °/, 
I ce tat, seent G2 
CII, (methane) .., is 1°), 
CO, is ae 6°/, 
N ae ae ad 50°, 


with a heat value of about 143 B.rn.u, por cubic foot, 
Such a gas forms a facl which is almost idcal for gas 
engino work, containing as it docs dnough hydrogen 
to vender it oasily ignited in tho cylindcr, but not 
too much to enable fairly high compression pressures 
to be used without danger of proignition. 

By using a largo excess of water vapour in the air 
supply, the furnace temperatures may be considerably 
reduced, and this fact ia (akon advantago of in the 
*Mond” producor to enable the ammonia which is 
produced during combustion of the bituminous fuel 
used, to be recovored, In othor plants ammonia is 
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decomposed at the high temperatures attained, and to 
prevent this about 2°5 Ibs. of waicr vapour arc admiitod 
to the furnace per Ib, of coal. Only about °6 Ib, of 
this is decomposed, and to recover as much as possible 
of the latont heat of the excess vapour, the outgoing 
hot gases and steam are led through a sories of pipes 
in a tubular rogenorator, while tho fresh aiy and 
steam supply pags over tho outside of tho pipes on 
their way to the furnaco and take up part of tho heat, 
By this means the heat efficioncy of the process is 
raised to between 75 and 80 per cent. The gases are 
then passed through a washer in which thoy are 
cooled and the tar is removed, after which they aro 
led throngh a tower in which they meot a curront of 
acid liquor containing about 4 per cont of freo 
sulphuric acid, Jere, ammonia is converted into 
ammonium sulphate, of which from 70 to 90 Ibs, are 
produced per ton of fuel. 

The gas produced has a composition approxi- 
mating to 


TE oye, ayes Sees, "BE 
CI ae OY, 
CO ne ae eB 


OOS. i me-: Gabo. Ht aay: 
Ne cea au oe care 


with a calorific value of about 152 Bxn.U, por cubic 
foot, 
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The value of the ammonium sulphate produced as 
a by-product is practically the same as that of the 
fuel used (at present prices the value of the sulphate 
produced per ton of fuel is about 10s, Gd.), bué owing 
to tho high first cost of the recovory plant, the process 
is not commercially economical for an installation of 
Jess than about 4000 m7. 

For many metallurgical processes the compara- 
tively large proportion of inert gas—mainly nitrogen— 
found in the ordinary producer gases, and the con- 
sequently comparatively low temperatures obtained 
during combustion, form a drawback. This may bo 
overcome by blowing sicam alone through the layer 
of incandescent fucl in the furnace, in which case the 
gas givon off—known as water gas—has a composition 
approximating to 

ae ve jie wae 50°), 
Om; .. i wee 1°), 
co Ss Abe ae 40°/, 
OO, hs ee 4°), 
N es adore Oey 5°, 


with a valuo of about 260 Brit. por cubic foot, 
. Such a gas, though not so suitable for use as a gas 
engino fre] as tho leaner producer gases, is particularly 
woll adapted for manufacturing processes such as tho 
wolding of, boiler platos and tubes, the heating of 
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open hearth stecl furnaces, etc, where au intense 
local heat is required. 

The manufacture of water gas is an intermittent 
process. In order to raise tho bed of fucl to a high 
temporature a strong air blast is passed through for 
about 1 minute. The air is then cut off and steam is 
blown through for from 7 to 10 minutes. ‘This reduces 
the temperature of the fuel, aficr which it is again 
air-blasted, and so on, During this portion of the 
process if the blast is sufficiently strong the resultant 
gas is mainly carbon dioxide and nitrogen, and in 
order to conserve the heat evolved in combustion, 
these gases aro led through a regenoration chamber 
filled with a chequer of brickwork which is raised to 
ahigh temperature, The ingoing stoam is led through 
this chamber on its way to the furnace, absorbing its 
heat and becoming superheated in the process, and 
by this means the overall efficiency of the plant may 
be.increased to between 70 and 75 por cent. 

Suction and Pressure Producers, In a gas pro- 
ducer the air or mixturo of air and stcam necessary 
for operation may be forced through tho furnace by 
the action of a blower or of a steam injector, or, if 
the producer is supplying gas to the cylinder of a gas 
engino, may be drawn through the furnace by tho 
pumping action of tho piston during tho suction 
stroke, In tho formor case tho plant is tormed a “Pres- 
sure” producer; in the latter a “Suction” producer, 
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In the suction producer the engine itsclf auto- 
matically regulates its own supply of gas to suit the 
domand for power, and in view of the simplicity and 
caso of working of such a combined plant its use, 
particularly for comparatively small powers, has be- 
como very common, Fig. 2 shows, diagrammatically, 
the general arrangement of such a plant. 





Fig. 2, Gonoial arrangement of Suction Gas-Pioducor, 


Tere A is the genorator supplied with fuol through 
the hopper B, Air enters the vaporizer C which 
coutains wator heated by the hot gases leaving 
tho generator, and in its passage over the surface 
of this wator saturates itself with its vapour, Tho 
mixture of air and vapour is led through the pipe D 
to the under sido of the grate, and is then drawn 
through the frvnace, emerging at the top in the form 
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of producer gas, ‘Chis is passed through tho serubbor 
on its way to the expansion box J, from which it 
is drawn on each suction stroke of the cngine, ‘The 
sorubber consists of a wrought-iron chamber, loosely 
packed with coke over which wator is sprinkled, and 
serves to cool tho gas to atmosphoric temporaltiro 
and to remove the dust and tar which it carries in 
suspension. 

Unfortunately the present typos of suction pro- 
ducer can, in general, only bo oporatod successfully 
on non-bituminons fuels, such as coke and anthracite. 
With bituminous fuels much tar is produced, and in 
order to prevent sticking of the valves of the engine, 
it is essential that this be thoroughly removed 
between the gonorator and tho engin In tho 
pressure producer this may readily be accomplishod 
by increasing tho number of scrubbors and by intro- 
ducing one or more gas washers between producor 
and engine, the additional resistance which these 
involve being overcome rendily by a slight incronso 
in the pressure at the blowor. In tho suction 
producer, however, the introduction of an claborate 
cleansing apparatus increases iho necessary suction 
at tho engine and thus diminishos tho woight of gas 
which can be drawn into the cylinder por atroke 
to an extent which seriously reduces the power which 
can be developed with a givon size of ongino, and 
thus increases tho first cost of the plant in a double 
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degree. Moreover, owing to the fact that the bitu- 
minous fuols are more prone to clinker troubles, and 
usually contain more ash than non-bituminous coal, 
more frequent cleaning of the fire and grate is 
necessary, and this is more easily performed without 
deranging the operation of the plant where the latter 
is of the pressure type. 





Fig, 8. Gonoral arrangement of Pressuro Gas-Producer, 


Fig. 3 shows tho general arrangement of a pressure 
producer for bituminous fuel. 

This diffors essentially from the suction producer 
in that a mixture of air and stoam is blown through 
tho furnace by means of the stoam injector §, which 
ig supplied from an auxiliary steam boilor working at 
a pressure of about 60 lbs, per square inch, Aftor 
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leaving the genorator the gas is passed through wator 
in the chamber A, in which part of its tar is removed. 
It is then taken through the coke scrubber 3, 
and afterwards through a sawdust scrubber C in 
which the final traces of tar are removed. On 
leaving this scrubber it is led into a gas holder, 
from which the yarious engines or furnaces dorive 
their supply. 

In tho pressure producer any type of non-caking 
fuel may be used, and considerable progress has been 
made in adapting it to such fuels as peat, sawdust, 
and waste vegetable fibre. As a fuel, peat is par- 
ticularly rich in nitrogen, and ammonia recovery is 
therefore comparatively more advantageous, Its use 
as a producer fuel in conjunction with recovory 
apparatus of the Mond type is increasing to a largo 
extent on the Continent of Europe. Experiments 
show that one ton of dry peat with about one-half 
the heat-value of bituminous coal will produce 
practically one-half as much producer gas as coal, 
but will yield some 120 lbs, of ammonium sulphate 
per ton as against 80 lbs. in the caso of coal, Pro- 
bably the cost of ciltting and drying a ton of pont 
is as much as that of a ton of coal delivered at the 
same place, 80 that for power purposes coal is at 
present the cheaper fuel. Méreover, a peat producer 
yequires to be much larger and thorefore moro costly 
for a given power, 
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Still, whore a plontiful supply of good peat is 
available, thove ig no reason why it should not be 
advantagouusly employed in this way, and it is pro- 
bable that this will prove an important development 
in the futuro application of the power gas producer. 

Taking the heat ofliciency of the average good 
‘producer as 80 por cent, i, appears that the complete 
plant, consisting of producer and gas engine, will 
conyvort some 26 por cont, of the heat of its solid fucl 
into mechanical work, or twice as much as a good 
steam plant using the same fuel, Under present 
vonditions, indeed, such a plant provides by far the 
most officiont moans of utilizing the enorgy of a solid 
fuel. 

Tn the ideal installation the producer, or battery 
of producors, would bo situated at tho pit mouth. 
Tho gas might thon be distributed for considerable 
distancos through pipe lines without any great Joss, 
to bo used in gag engines or for heating purposes 
where required, or, altornatively, might supply a 
battery of gas enginos near at hand from which 
power would be transmitted electrically. ‘Tho former 
method has beon adopted in such a plant®—probably 
only tho first of a largo number—orected on the 
South Staffordshire coal-ficld, ‘this plant consists of 
eight Mond producors # has a capacity of some 200 
ions of coal por day; and distributes its gas unde 
& pressure of about 7 Ibs. per square inch to numerous 
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small towns spread over al aon of about 120 square 
miles. ‘The average charge for this gas is 18d, 
por 1000 cubic foot. 

In his presidontial address to the British Associa- 
tion in 1911, Sir Wm. Ramsay suggested going even 
further than this, and proposed, by gasifying tho ful 
in situ-—undorground—to obviate the necossity for 
winning and hoisting tho fuel, ‘The practical difli- 
culties in the way of such o achome are of course 
very great, tho chiof of these being the difficulty of 
supplying the air necossary for partial combustion 
and of regulating its supply as yequired to ovory 
portion of the underground area. On the othor 
hand, the potential advantages of the scheme are 
grent, Not only would it enablo the hoavy costs of 
winning, hoisting, and transportation of the fel Lo 
bo climinated, but seams 100 thin or of too poor 
quality to admib of being worked succcastully undor 
present conditions might be utilized og readily as the 
thickor and vicher scams ; also tho wastage which is 
jnvolved by the necessity for propping tho worldng 
galleries of tho ordinary mine would be climinated. 
‘As it is estimated that undor present conditions of 
working not much moro than one-half the coal avail- 
able in the average fold is over yaisod to the 
surface, the importance of toso Jatlor considerations 
ja evident, Tracilitics have beon afforded for tho 
tial of this method on  feirly largo scale tn one 
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Tinglish pit, and tho results will be awaited with 
much interest. 

The Internal Combustion Engine. Whatever 
type of gas is used in a givon intornal combustion 
engine, the power developed is approximately the 
same, owing to the fact that the richor gases require 
a greater admixture of air for porfect combustion, 
The resultant mixture of gas and air drawn into the 
cylinder is thus of sensibly the same heat-value per 
cubic foot in every case, coal gas enabling only about 
10 per cont. more power to be developed in a given 
engine than ordinary producer gas, The thermal 
efficiency of the cngino, Ze. tho ratio of the heat 
turned into work to the heat of the gaseous feel, 
depends mainly on the degree of compression of the 
working mixture at tho begining of tho explosion 
stroke. ‘The magnitude of this is limited by tho 
necessity for avoiding preignition during com- 
pression, and with tho compressions usual in the 
ordinary gas engine working on producor gas, 
efficiencies of between 28 and 82 per cent. measured 
on tho brake horso-powor, may he obtained. 

Liquid fuols having a comparatively low tompora- 
ture of vaporization, such as polrol or korosone, may 
bo vaporized in a carburettor, and the vapour thus 
produced, whon mixed ‘vith air, may be used as tho 
working fluid in an ordinary gas engine, All potrol 
motors and many small oil engines work on this 

at 4 
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principle. In a petrol motor, owing {to tho fact 
that the liquid vaporizes at ordinary atmospheric 
temperatures, no difficulty is exporionced in pro- 
ducing the carburation of the ingoing air, whereas 
kerosene requires the application of external hoat. 
This ig usually abstracied from the hot oxhaust gases, 
whose heat would otherwise be wasted, so that this 
necessity does not involve any reduction in tho 
thermal efficiency of the plant. Owing to tho largo 
proportion of hydrocarbon in the explosive mixture 
in either case, the maximum limit of compression is 
considerably less than is the caso with the ongine 
using fucl gas, and tho efficioncy of the motor is thus 
only about 22 to 26 per cent, 

To avoid this drawback, large modern enpinos 
using oil-fuel work on the Diesel principle. ‘Tho 
course of operations of such an engine working on 
a four-stroke cycle is as follows: 

(1) Air at atmospheric pressure and temperature 
is drawn into the cylinder, 

(2) This air is compressed on the inward stroke 
of the engine to betyeen 400 and 500 ]bs, per square 
inch. In the process its temperature becomes raiged 
to about 950° I, or far above the ignition-point 
of oil, 

(3) At the ond of the compression stroke, ol 
is sprayed into the cylindor by means of compressed 
air under a pressure of 700 to 800 Tbs por square 
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inch. On mixing with the hot air in the clearance 
space of the cylinder this ignites and burns, During 
the first portion of the stroke, while the oil is 
boing sprayed in, the piston is moving forward and 
combustion takes placo at approximatcly constant 
pressure. When about one-tenth of the stroke has 
been completed, the oi] supply is cut off, and there- 
after the hot gases do work by expansion to the cond 
of the stroke, 

(4) The oxhaust valve opens and tho wasto 
gases are oxhausted to atmosphere, 

Many large modern engines have been designed. 
to work on a two-stroke cycle, in which case an air 
blast is admitted to the cylinder at the end of the 
power stroke, This blows out the burnt gases. The 
air in the cylinder is then compressed on the inward 
stroke, fuel is injected, and the next outward stroke 
is again a power stroke, By this means the power of 
an ongine of given dimonsions is practically doubled, 
The chiof difforonce between the Diosel oil engino 
and tho ordinary gas engine lies in the fact that tho 
only substance in the cylindor during the comprossion 
stroko is air, with possibly a little of the burnt gases 
from tho preceding cycle. Proignition beforo the 
ond of this stroke becomes impossible, and much 
higher compression fressurcs may thorefore bo 
adopted than are possible when tho working fluid 
is iiself compressed, As a result of this tho thermal 
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ollicioney of such mt cupine jx high, and naually 
anounts (o abort 84 por cent, on the leake horso- 
powor, or over 10 per cont. on the indientod horse. 
power, 

The Dioxel engine is capable of worldng on a vory 
wide rango of fucly, nd experiment shows that tar 
ofls distilled from lignite and tit oils from snimal 
or from vegoluble xourees, such ay earthnnt oil, 
castor oll, Quin oil, Ash oils, ole, con bo nod (ite ag 
readily as mineral oily. By slightly modifying: the 
plant it is wlko possible te utilize tar distilled from 
pit cous, and algo verticul-oven, water gis, and. of] 
gas tars, tho only tars which cannot be used boing 
those from horizontal or inclined Rey, or coke, rotortg, 
At tho present time the petroloum residnes form the 
most inportant fuel mupply, bab th is not impossible 
that in tho remote future the oils from vogotnblo 
xoureos May ocerpy tho sume position as the potro- 
Joum products do to-day. With an adequate supply 
of such otls, tho internal combustion engine would be 
Independent of the fossil ftols, rnd, in dia divoction, 
Ub lout a partial solution of the onorgy problem of 
the future is likely to*be found. 

Relative Coats of Operation by Steam, Cas, and 
Od Vuking averago modem typos of plant in good 
ordor, the wolghts of fuola used, wd tho fuol-costa 
por BAILY, are ronghly as follows: 
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Total 
: Gost of fuel | 8 
Cogt | Weight por : per 
Plant Typo of per | Be, hour Mieactae HELP, 
ton {in Ibs } ponco) pi 
penes} 
Stonm Bituminous 
coal 12}. 20 18 ‘BT 
Suction 
Gas | produco | Anthracite | 25/- 8 to 1:0 ‘11 to 118 "BG 
engine Ooke 10/- | 1:25 tolS | 07 to 08 B1 
with | Pressue 
producer | Bituminous 
slaok 10f- | 1:0 to 1:25 | +055 to 07 {| +80 
Diesel oil ongina | Potroleum 
residues £8 “45 ‘HG ‘85 
t 
Stee) ae 





The fuel-costs, of course, only form a small pro- 
portion of the total charges of a power plant, and 
when the interest on the capital cost of the plant, 
depreciation charges, and costs of lubricating oil and 
attendance are taken into account the relative cosis 
of the various types of plant are changed somowhat, 

Taking an electrical installétion of 2000 B.u.P., 
the total cost of plant, buildings, and foundations, 
with all necessary auxiliarios, cables, and switch- 
board, is practically identical with cach type of plant, 
amounting to about £18 per Bip, With a load 
factor of 62 per cont, tho running cost, including 
Wagos, ropairs, lubrication, and water, amounts to 
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about ‘1d. per Ban. hour for either & ston or gas 
jnatMlation and (o ahowt 006d. Cor w Diosel installa. 
tion, so (hat the otal charges, including 15 por eont. 
for Intores(and depreciation of machinery, are roughly 
aa given in tho last col of the preceding lable, 
While these figures aro only vory rough approxi- 
nations, and will never bo quite the same even 
for two idention) plants, thoy do tndicnto that thove 
is no oconomic renson why the avernge sloam plant 
should not be replaced in the majority of casos by 
tho gas or oil engine plant, Myon with up-to-date 
stoam plants this would: reduce the draft on ow 
fossil fuel supplics hy one-half, while if the average 
sicam plant be taken as the standard, not much 
moro than one-quartor of the {nol presently con- 
sumed for power purposes, would be necessuy, 

The production of cleetvieity diveetly fron coal, 
Wore ib possible to use carbon instead of zinc as tho 
positive clecbrode of wv volinic coll, und to oxidise 
thix earbon clectrolyGenlly, electrienl power might 
bo obtained directly from coal, instond of, aa ab 
present, through the chainwork of tho boiler and 
stow engine, or gus producer and pas engine, and 
dynamo, and in such a ease Koma 10 por cont, of Its 
onorgy of combination might bo usefully utilized 
instond of abort 10 per cent. with tho steam pleut 
and 26 por con. witht tho gas plunt. 

In viow of the huge muving of ftol which this 
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would permit, many attempts have been made to 
solve the problem of the carbon cell, but with small 
success, The difficulties arise from the fact that, 
whilo carbon is a good conductor of electricity, it 
is electro negativo to all but a few elements, and thus 
tho choico of a suitable negative for the coll is strictly 
limited; algo carbon is insoluble in all but a fow 
solutions. One or two inventors have atlaincd a 
partial measure of success in their endeavours, 
though in each case an external heat supply, with 
its accompanying fucl consumption, is necessary. 
Moreover, in proportion to the output of energy, 
such a plant is extremely cumbrous and costly. 
Still tho development of such a coll on commercial 
lincs must rank among tho possibilitics of the future, 
and although it would probably do little to reduce 
the cost of power, its influence in reducing tho con- 
sumption of coal, and in conserving our resources, 
might be very appreciable. 


CHAPTER [V 
TIT UTILIZATION OF SOLAR WHEAT 


Tm amount of radiant enorgy received by tho 
earth fvom the sun and manifested in the form of 
heat is, in the aggregate, enormous, At points 
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between the equator and latitudes 46° north and 
south it amounts on an average to the equivalent 
of 8000 foot-pounds per minute for each square foot 
of area exposed to the perpendicular rays of the sun, 
and if this could be entirely converted into mechanical ~ 
energy one horse-power might be developed for cach 
four square feet of heating surface. 

Furthermore, owing to the intensely high tempera- 
ture of the sun’s surface—some 6000°C,—this radiant 
energy would be in an ideal state for efficient con- 
version if only some means of direct transformation 
were practicable, Unfortunately, so far as our present 
knowledge goes this is impossible, and we have to be 
content to use it to heat water or some other volatile 
fluid such as sulphur dioxide or ether, and to use the 
vapour from this in some fofm of steam engine or 
turbine. In practice the temperature of the working 
fluid does not usually exceed some 100°C., and the 
degradation of the energy to this temperature means 
that its potentiality for transformation into mechanical 
energy is reduced to about one-fifth of its original 
value. Thermal and, mechanical losses in the engine 
reduce this still further, with the result that in 
practice » minimum of at least 100 square feet of 
heating surface is necessary for the production of 
one horse-power.. This is eqhivalent, to 280,000 HP. 
per square mile of surface. 

The utilization of this radiant energy has been 
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attempted by several inventors with some measure 


of success. 
Mouchat in France, and afterwards Tvicsson 
(1868-1875) in the United States, used ao largo 





Fig, 4, 10 Horae-Power Solar-Heat Plant on an Arizona ranch, 


parabolic mirror, in form like an invorted uinbrella, 
(Fig. 4), to reflect and concentrate the sun's rays.on 
a small boiler placed at its focus and in this way 
obtained 1 horse-power for slightly under 100 square 
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feet of surface. In a somewhat similar and largor 
plant tested at Pasadena (Cal) in 1898, the reflector 
consisted of a parabolic structure built up of plane 
rectangular mirrors cach arranged go as to throw the 
sun’s image on to the surface of a boiler placed 
at the focus, The boiler, consisting of a coil of 
blackened copper tubing, was 18 ft. 6 ing, in length, 
with a capacity of 16 cubic fect, and operated undor 
a steam pressure of 150 Ibs, per sq. in, The reflector, 
38 ft. 6 ins, in diameter, was rotated by clockwork 
so as to keep its axis always directed towards the 
sun, This plant supplicd a steam engine which 
punped water for irrigation purposes, and developed 
from 6 to 8 horse-power, ‘The cost of the whole 
installation was about £1000, or roughly twelve times 
that of an ordinary stcam plant to develop the same 
power. 

This type of plant has many obvious disadvantages, 
Tits first cost per horse-power is excessively high even 
for a small plant, and would be proportionately higher 
for a larger plant owing to the strength of construction 
which would be necessary to enable such an unwieldy 
structure to withstand wind forecs, Furthermore, 
owing to the smallness of the units and the somowhat 
complicated nature of the mechanism, the cost of 
suporvision and of maintonands of a large installation 
would of necessity bo high, After spending many 
years and some £20,000 on his oxperiments, Lviesson 
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in fact came to the conclusion that for these reasons 
the system was impracticable on any commercial 
scale, 

In order to avoid some of these disadvantages the 
direct-heating type of solar power plant has beon 
favoured by some recent experimenters, In tho 
cavlier installations of this type no mirror is uscd, 
but the sun’s rays are allowed to fall directly on the 
heat-absorber, ‘This usually consists of a sories of 
shallow trays or vessels, whose sides and bottom are 
insulated by some non-conductor of heat. They are 
covered by tivo cloyely-fitting shects of glass with a 
shallow air-space between. Under normal conditions 
the sun's radiant heat falling on to the earth’s surface 
is radiated or conducted away into tho atmosphoro 
as fast as it is received. This double layer of glass, 
howeyer, largely prevents outward radiation and 
conduction, with the result that, just as in a groon- 
house, the temperature inside becomes greater than 
that of the surrounding atmosphere, Water admitted 
at one end of the absorber flows through in a thin 
layer, absorbs heat, and is then pumped into an 
insulated storage tank, from which it is allowed to 
flow as required through the tubes of a tubular 
boiler containing ether, ammonia, or, more commonly, 
sulphur dioxide. ‘Thi8 fluid is vaporized by tho heat 
and is utilized to work a steam engine, after which it 
is condensed and again pumped into the boiler while 
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the cooled water is readmitted to the cool ond of th 
heat-ebsorber. . 
Such an arrangoment is shown diagrammatically 
in Fig. 6. Ileve JZ is the heat-absorbor, § the storage 
tank, B the boiler, P, the pump for maintaining the 





Fig. 5, Dinguammatio sketch of Solar-Hoat Plant with 
Absorbor, H, and Hot Water Storngo ‘lank, 9, 


circulation of water through the tank, # the ofigine 
with its condenser O and pump P; for returning the 
working fluid to the boiler. 

Tn a plant of this type installed near Needlos 
(Cal.) in 1904, two heater sections wore used, with 


‘ 
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a total surface of about 1000 sq, feet. Tho avorage 
temperatures attained under the glass of the heater 
during the month of Juno ranged from 120°], ab 
7am. to a maximum of 260°F, at 1 pm., afterwards 
diminishing to 120° at 5 pm., while the average 
temperature of the hot water entering the storago 
vessel was about 180°F. Sulphur dioxide was adopted 
as the working fluid in the engine, the working pres- 
sure being about 200 lbs. per sq. inch. As the result 
of tests, it was concluded that for a plant to be capa- 
ble of continuous running, night and day, a heating 
surface of 400 sq. feet per horse-power would be 
necessary. ‘The estimated cost of such a plant, 
including a storage vessel for hot water capablo 
of storing 100 hours’ supply, with the necessary 
vaporizer, engine, and condenser, is approximately 
£33 per horsc-power, or about three times that of 
the average steam plant, 

In a larger and somewhat different type of plant ™ 
tested at Tacony (Phil.) in August 1911, the absorber 
(Fig. 6") consists of a sories of units each containing 
a flat metal vessel three fect square onclosed in a 
wooden box covered with two layers of glass soparated 
by a one-inch air space. Theso boxes are insulated 
by two-inch layer of granulated cork and are 
mounted on stands about 30 inches high, which 
permit them to be inclined porpendicular to the 
sun’s rays at the moridian, Plane mirrors of cheap 





Fig 6. Heat-Absorber for Solar-Heat Plant 
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construction, six feot apart at their upper edges, are 
mounted on two sides of the boxes in order that a 
larger proportion of the rays may be intercepted and 
reflected on to the surface of the absorber, Hach 
water vessel is connected at ono end to a feed pipe 
and at the other end to a steam pipe which convoys 
the low-pressure steam generated to a condensing 
reciprocating steam engine, Tho water from tho 
condenser is pumped back into the absorber, so that 
the only loss of working fluid is that duo to accidental 
leakage. ‘Tests showed that in the neighbourhood of 
Philadelphia in August this absorber with a total 
area, including mirrors, of’ 10,300 sq. fect was capablo 
of producing 4800 Ibs, of steam per day of cight hours. 
In view of the low pressure of this steam and of the 
well-known steam-eating propensities of the small 
reciprocating engine, it is highly improbable that this 
would develop on the average more than 20 11.2, over 
the eight hours, or at the rate of 1 mr. for each 
500 sq. feet of surface, 

In a more recent plant by the same inventor, 
recently installed in Egypt at Neadi, near Cairo ®), 
the design has reverted to the parabolic yroflector 
throwing the sun’s rays on to a closed motallic hoator 
at its focus, In this plant five roflectors aro used, 
each 204 feot long, and"10 fect wide at thoir uppor 
extremity, ‘These aro built up of silverod glass 
mirrors mounted in a steel cradle of parabolic section, 
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The cradle is carried on a sovics of gomi-ciroulay 
racks which gear with pinions by which the reflector 
may be rotated so ‘as to follow tho sun, Tho heater, 
carried at the focus of the reflector, consists of a 
closed box of zine plate, tho same length as the 
reflector, 14 ins, high and gin. wide. ‘This is painted 
black over its outer surface. Water is admitted at 
one ond while the other end is enlarged into a d-inch 
steam pipe which convoys the steam generated to a 
low-pressttre stern engine with surface condenser, 

Ié is estimated that this plant is capable, in its 
present surroundings, of developing an average of 
100 wp. or roughly 1 mp, for cach 100. sq. fect of 
heating surface, 

Taking the cost of a modern solar-hoat plant at 
£33 per horse-power, and assuming tho cost’ of 

attendance, maintenance, and stores to be the same. 
as ina steam plant, the total cost of power would 
be roughly tho same as that obtained from a steam 
plant consuming 3 lbs. of coal por uP. hour, with» 
coal at 12s. 6d, per ton, Probably this on the whole 
favours the solav-hegt plant, inasmuch as its attend 
ance and maintonance charges would be greater than 
in the average steam plant, while, unless exected on. | 
otherwise waste ground, the cost of tho comparatively 
huge ground aren necessary Yor the abaorber would 
Provo a soyore handicap. : 
Tn tropical countries, where fuol is abnormally 
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expensive, the solar energy plant has obvious ad- 
vantages, always provided its .maintonance charges 
do. not prove excessive, and future improvements 
and developinents will undoubtedly do much to 
reduce these charges and to increase the reliability 
of such an installation, It is true that thoso parts 
of the earth’s surface whore a fairly stoady supply of 
yadiant heat.can be. relied upon are, on ‘account of 
their excessive temperature and. their lack of rain, 
quite unsuited to the maintenance of large gentros 
of industry, while in temperate climates, or in tropical 
climates where the rainy season may cause a total 
stoppage of the power supply for some weeks on end, 
the method is obviously impossible, 

Still. with improvements in the method of trans- 
mission. of high tension electricity over long distances. . 
the idea may be brought within the region of practical 
politics, andthe amount of energy. which might, 
theoretically, be. rendered available in. this way ix 
enormous. 

As indicated in Fig. 7, theve is'a rainless belt 
extending from the north- west coast of Africa to 
China, 8000 miles in length and Some 800 miles wide, 
including: the deserts of Northern Atvica, Upper 
Egypt, part of Syria and of Arabia, tho groater part 
of Persia and the western part of China, Tho southorn 
portions of Africa, and in tho western hemisphore a 
largeportion of the United States and the western: 

GH i] 
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coast and central portions of South America are 
peculiarly well adapted for the Re mbiep tion of taont 
energy. 

Making an . allowance of 100 square fats per hone: 
power, calculations show that if only one per:cent.. 
of these areas were utilized roughly 20,600 million 
horse-power might be developed for eight or. nine 
hours each day. TEyen if the only areas considered 
be those lying within five miles of tide water and: 
thus readily accessible by water ‘communication, the 
utilization of one per cent. of such areas. would give 
roughly 1500 million horse-power, or enough, under. 
present conditions, to do the whole mechanical work 
of the globe several times over. 

Two-thirds of the Australian. continent, with its 
area of 3,000,000 square miles, also suffers from con- 
tinuous, intonso yadiant heat, and here alone, if one 
per cent. of a strip of its const-line five miles.wide 
were to be utilized, some 120 million .horge-power, ov 
14,000 horse-power per mile of coast- Tine plant be 
developed. 

So Jong as such stores of energy are available, 
thore is little reason to anticipate, any tnsuperable 

difficulty in maintaining the industrial activity of the 
world ag a whole. * To our own and all: northern 
communities, however, they. can offer but little assist: 
ance even with all the help electric transinission can 
give, and their utilization on any large scale would 
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Fig. 7. Regions subject to intense Solar-Heat and with very slight Annual Rainfall. 
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involve an immense change in the relative industri: 
importance of the countrics of tho world. 


CIAPTER V" 


THE UTILIZATION OF VEGETATION FORK 
POWER PURPOSES 


Tu leaves of every form of vegetation aro buil 
up of cells containing a green colouring mattor called 
chlorophyll. Under the action of sunlight this absorb: 
carbon dioxide from the atmosphere, and, in conjume 
tion with water absorbed from the soil, builds ny 
the carbon into the organic constituents of the plant 
One of these products which enters largely into thc 
composition of the fibrous structuro is celluloso, s 
carbohydrate containing some 44 per cent, of carbon, 
6 per cent, of hydrogen, and 50 per cent, of oxygen. 

In many plants, such as the potato, and notably 
the cereals rico, maize and wheat, tho carbohydrate 
appears mainly in the form of starch, In others, 
such as beet-root, a large percentage of sugar is formod, 
Hither of these substances can be readily converted 
into alcohol, Recent experiments, indeed, show that 
alcohol can be produced by fermentation procosses 
from such a vegetable material as wood sawdust to 
tho extent of some 18 por cont. of iis weight; and it 

KD 
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is safe to say that when the necessity arisés it will be 
found possible to manufacture alcohol from practically, 
any form of vegetable matter. 

Inasmuch as the chemical changes which occur 
in growing vegetation are indirectly due. to the 
radiant heat and light of the sun, the use. of such 
vegetation ag a fucl affords another, although indirect, 
means of utilizing this radiant. energy, Helmholtz 
has calculated that of the energy poured by the sun’s 
rays on to any area of growing vegetation, about. one 
fifteen-hundredth is utilized in- pr ‘oducing photo- 
chemical reactions. Although this ‘is'an. extremely 
small.fraction of the whole, it is..yet equivalent to 
some 200,000 B,TH.U. per minute per aquare mile of, 
aréa exposed to the perpendicular rays of the sun,: 
an amount: of heat which, if it could be’ entirely: 
converted into mechanical onerg) , would enable some: 
4600 ILP, to be developed per’ square mnile for, about 
cight hours per day. : 

It is estimated that the world’s annual a owtli of 
vegetation amounis. to. some 32,000 million tons,: 
equivalent as a fuel to about 14,000 million tons of: 
con, or about eleven fimes the present output, 

“This vegetation may be utilized as a fuel in either. 
of two ways. That portion of it which takéssthe form’ 
of timber may be. used as a boilor fuel, ov in a gaa. 
producer to-produce power gas. In the latter case it 
may either be used in its natural form, or may first 
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be carbonized into charcoal, which may afterwards 
be used in a gas producer, while the tar given off in 
the process may: be used as an oil-engino fucl.. Other 
and smaller forms of vegetation may, if necossary, be 
air-dried and used in the same way, but in view of 
the large percentage of moisture which they commonly 
contain, these can generally be more profitably utilized 
forthe manufacture of alcohol, By gasifying the fuel, 
or the waste fibre left over from the manufacture of 
alcohol, in a producer with ammonia recovery, a very 
complete cycle is maintained with only a. comparatively 
slight waste of energy. The ammonia is returned to 
the soil as. afertilizer long with thé mineral substances 
in’ the ash, while the carbon dioxide from the com- 
-bustion of the fuel gas is returned to the atmosphere 
to be again ‘utilized by growing. vegétation. 

Timber. ‘The possibility of utilizing timber .ds a 
partial substitute for coal as fuel is worthy of closo 
consideration, Mr J. O. Hawkshaw in his presidential 
address to the Institution of Civil Engincers in 1902, 
estimated that the wood-fuel produce, of an acre of 
land in Europe is equivalent té6 at least one ton of 
coal a- year, and provided that cach tree as felled is 
replaced .by a: seedling, this rate of supply: is con-- 
tinuous and permanegt. . On. this assumption two 
million square miles. ot forests would be required. 
to give. a continuous fuel-supply equivalent .to the 
‘present coal output of the world. As the-land area 
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of the globe is in the neighbourhood of 50 million 
square miles, such forests would only cover some 
four per cont, of its area, Even allowing for the fact 
that probably some sixty per cont. of the total area 
is unsuitable for timbor growing or can be more 
profitably utilized in other ways, the maintenance 
of such an area docs not appom to present any 
insuporable difficulties. On the other hand, at the 
present timo the world’s output of thnber is barely 
sufficient to satisfy its demands for purely con- 
structional and industrial purposes, and in view of 
the magnitude of the problems involved in the 
maintenance and handling of timber in such bulk 
it is extremely improbable that the utilization of this 
material as fucl, on any very large scale, will ever 
become a practical proposition. ‘The cost of such 
a fuel would of necessity bo high compared with 
tho present price of coal or oil, On a comparatively 
smal] scale, however, tho extension by afforestation, 
and the utilization of the timber supplies in suitable 
Jocalities are to be anticipated. 

Jn our own countfy the possibilitios in this respect 
are not great, At presont some three million acres, 
or about five per cent. of the total area of the 
British Isles, is under timber, and this, as a fuol, 
would give annually the equivalent of only about 
one per cont, of our coal output. Tvon although 
this acroage might roadily bo doubled or oyen 
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trebled, the resultant output would be insignificandly 
small. 

The value of wood as a fuel depends largoly on 
the amount of moisture which it contains, When 
newly felled this ranges from 30 10 50 per cont., and 
after 12 months’ air -drying i is reduced to 20 or 25 por 
cent. When well air-dried, the heat of combustion 
of all woods is approximately the same, one pound of 
coal being equivalent as a fuol to about 2°26 Ibs. 
of wood, 

When made into charcoal by distillation in a 
retorb some 80 per cent. of the weight treated is 
retwned in this form, and as about 12 por cent. of 
the weight is burned in the furnace during the 
process, the proportion actually converted into char- 
coal is only about 27 per cont. of the whole, As a 
fuel, charcoal has.about double the hoating-valuo of 
air-dried wood, so that only about one-half of the 
heat-value of the original material is available in tho 
charcoal produced, 

Alcohol. In many respects the prospect of utilizing 
the resources of the vegetablo.kingdom for the pro- 
duction of alcohol is moro promising, Although the 
cereals contain a much groater proportion by weight 
of starch (wheat about 60 per cont., rico 83 por cont.) 
than do potatoes (about 20 por cent,), the woight of 
starch obtainable per acre is much larger with the 
latter crop, Thus, whoreas an acro of grain will yiold 
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some 900 Ibs, of starch, the same area under potatocs 

will yield about 2600 Ibs, and this, when used for 

tho manufacture of absolute alcohol, produces about 
1400 lbs. of the spirit. 

The heat-value of this is 12,600 BrH.u. per Ib, 
or roughly twice that of air-dried wood, so that the 
heat-value of the alcohol produced per acre per 
munun is equivalent to that of 125 tons of wood, 
or about one-half that of the timber grown on the 
same ground. 

When it, comes to converting this heat into 
mechanical cnergy, however, the two processes be- 
come more nearly equal. Used as a fuel in an 
internal combustion engine, the alcohol is capable 
of converting some 35 per cent. of its heat into 
mechanical energy. ‘The wood, if uscd as a boiler 
fuel, only utilizes some 12 per cent. of its heat, while 
if used in a producer in connection with a gas engine, 
this may be increased to about 22 per cont, In the 
latter case, a givon acreage doyoted to the growth of 
timber will give about 25 per cent. more power, while 
in the former case it avill give about 30 por cent, less 
power than if utilized for the production of aleohol, 

As a fuel for internal combustion engines, alcohol 
is capable of giving excellent, results, and in point 
of safoty, thermal efficiency, and flexibility, has 
some advantages ovor petrol or kerosene, particu- 
Javly for comparatively small powers, Jt compares 
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unfavourably with petrol in corrosive effoct ; in tho 
difficulty of starting up an ongino cold; and in tho 
fact that external heat is roquired to vaporizo it. 

As rogar ds corrosive effect, this is probably duc to 
impurities in the alcohol as propared for commoreial 
use, Experience, however, shows that no appreciable 
corrosion takes place even with such alcohols, oxcopt 
on those parts of the motor which are so cold as to 
produce condensation, and by keeping the jackot water 
at a sufficiently high temperature, all condensation 
and corrosion in the engine itself is readily prevented, 

The difficulty experienced in starting with a cold 
engine may readily be overcome by the addition of a 
little benzol to the alcohol, or by the provision of 
means for preheating the carburettor before starting. 
It is trne that alcohol requires oxtcrnal heat to 
vaporize it, and to this extent its possible thermal 
efficiency as a fuel suffers. When uscd in an intornal 
combustion engine this drawback is, however, more 
apparent than real, inasmuch as a large proportion 
of the total heat of combustion must pass away in 
the exhaust gases, and this, which would bo other- 
wise wasted, is readily available for tho purposo of 
vaporization, 

When used for powey purposes, alcohol at 3d, por 
gallon ig equivalent to coal at about 36s. por ton, or 
to petroleum at about £5 per ton, Evidence shows 
that when produced from sawdust or from peat a 
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figure as low as this may be attained. Using potatoes 
as a base, the cost, including denaturing, ig of the - 
order of 1s, per gallon, while if made from beot-root 
it is a little less than this, ‘Chore can bo little doubt, 
however, that any great domand for alcohol ag a fuel 
would bring. other and cheaper vegetable materials 
forward as.a base for its manufacture, and would 
yesulé in.a cheapening in the costs of the manu- 
facturing processes, in which case any appreciable 
increase in the present cost of coal or of oil would 
enable.it to compete on lovel terms as a, commercial 
proposition for even large powers. : 

Vegetable Oils, In addition to producing woody 
fibre and starch which may be directly or indirectly 
used as fuel, many plants produce. fruits or seeds 
from which vegetable oil may be obtained by pressure. 
Among such products are castor-oil, palm-oil, and 
carthnut or peanut oil. Recent, experiments on 
peanut oil show that this is woll adapted for use’in 
the Diesel engine, and that its consumption . only 
amounts to about '638.1b. per BLP. hour—or practi- 
cally the same as with petroleum. Similar successfiil 
experiments.haye also been made: with castor-oil as 
a fuel. As the plants for producing these oils can 
‘be readily grown in considerable quantities in most 
tropical climates, this affords yot' another promising 
method of utilizing the energy of plant-life for power 
purposes, 
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Wonderful as is the process of photo-chemical 
synthesis by which the cell matter of the living plant 
with the help of solar energy builds up carbohydrates 
of considerable complexity from carbon dioxide and 
water, recent experiments by Prof. Ravenna and 
Giacomo Cimician at Bologna, show that this process 
may be modified artificially to a certain extent, and 
that a plant may éven under certain conditions: be 
made to synthetise a substance which it does not 
usually produce. Tor example, maize was forced to 
yield a glucoside (from which sugar may be produced), 
while the production of nicotine in the tobacco plant 
was largely i increased or reduced as required... As yet 
the work is not, sufficiently developed. to enable an 
estimate of its possibilities to be formed, but it is by 
no means inconceivable that by modifications in the 
synthesis of such a plant as the potato or bect-rool, 
the output of alcohol per acre might be. very con- 
siderably increased. 


UHAPIER VI 
THE INTERNAL HEAT OF THE WARLIC 


: . 
Ir isa matter of.common knowledge thnt the 
temperature of the earth increases. towards . its 
interior, and the suggestion of utilizing this internal 





Fig. 0. Old Waithtul” Goyxer, Yullowatone Park Moight, 166 ft. 
iruptions lasting for 7 minntos at inlervals of about 70 mbiutos. 


on. vi] INFERNAL WAT OF TIE BART 77 


heat has long been a favourite onc, Aé first sight 
this source of energy appears most promising, At 
cortain points of the carth’s surfaco, notably in the 
Yellowstone Park, in Iceland, and in the northern 
districts of New Zealand, abundance of water ab a 
temperature of about 200° 1% is brought to tho 
surface by hot springs and geysors in closo proximity 
to supplies of watcr at about 60°T. In such cases 
there is no reason why this difference of temperature 
should not be utilized in the working of a steam or 
yapour plant. It is true that tho higher temperature 
is soniewhat low to enable steam to bo economically 
used, but it is sufficiently high for a motor using 
either ether vapour, sulphurous acid, or carbonic 
acid gas as its working fluid. In such a plant the 
evaporator would receive its heat from the hot wator, 
supply while the condenser would be cooled by the 
adjacent cold supply. Points so favoured aro, how- 
ever, very rare, and the horse-power which thoy 
might rendcor available would not amount in tho 
aggregate to more than a fow thousands, 

In a schome for utilizing the oarth’s intornal heat 
at any othor point of its surface, it would bo necessary 
to sink two or moro bore holes to a dopth sufficiontly 
great to enable tho requjred high temperature to bo 
.attained ; to connect these at their lowor extromities; 
and to circulate a continuous stream of water down 
the one and up the other bore hole, Tho water, 
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heated during, its passage, would then be utilized as 
already described, 

As thus baldly outlined, the method appears simple 
and porfectly feasible, but a closer cxamination shows 
that in gonoral tho dificulties are so groat that this 
source of energy must bo definitely abandoned as a 
sorions factor in the future power problem, 

Much information as to the rate of inoreaso of 
tomperature with dopth bolow tho carth’s surface, has 
beon rendered available by decp borings which have 
been mado during recent years. Under normal con- 
ditions it is found that the temperature at depths 
less than 100 fect suffers annual seasonal fluctuations, 
and that bolow this dopth the increase of temporature 
with depth is of the order of 1° J*, for each 60 or 
70 feet in depth. 

This number, howevor, varies within fairly wide 
limits at differoné parts of the carth’s surface, In 
favourable localitios, in the neighbourhood of yol- 
canoes or where the earth’s crust is known to be 
thin, tho rate of ineroaso is of courso much greater. 
In tho caso of o railway tunnel drivon through the 
base of Vesuvius the normal tomperaturo of the 
working atmosphere was botweon 160° and 170° Ir, 
while in a holo made in the newly oxposed rock a 
maximum temporature of “200° FF, was registored. 
Unfortunately such localitios, on account of the poxsi- 
bilities of carthquakes and of volcanic oruptions, are 
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not desirable places for the establishment of largo 
centres of population or of industry. 

At Wheeling, West Virginia, tho tomperature 
gradient as shown by observations in a boro holo 
4500 feet deep is about 1° I’, per 80 feet over tho 
upper, and about 1° F. per 60 feet over iis lower 
portion. The temperature at the bottom is about 
106° F. 

In a aecond well near Pittsburg, the depth of 
which is 5580 feet, practically the same tomperaturo 
gradient is attained, while in the old Comstock Mino 
at Virginia City, Nevada, the gradient is so rapid 
that temperatures of 170° F. are reached in tho 
workings. 

In a bore hole at Cynchous (Silesia)™, 7347 foot 
deep, the average tomporature gradiout is 1°1", for each 
66 feet, In this well, moreover, tho gradient is much 
moro rapid (1° per 81 feet) ovor the middlo third 
than over the lower third, where it is only 1° por 
91 feet. The probability is that this rapid gradiont 
nea mid-depth is due to oxidation in the surrounding 
material, or possibly to the presence of some radio- 
active deposit, and that in a comparatively short 
time the gradiont will become more sonstbly uniform 
over the whole dopth, ‘The tomporaturo at the 
bottom of this boro hofe is 192° I, 

On tho other hand, roc borings 1000 feet deep on 
the Witwatorsrand only show a riso in tomperatnre 
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of 1° for cach 208 feeb of depth, tho tomporature at 
1000 feet not oxceeding 69° 1’, 

On the assumption of a mean annnal tomporature 
of 66° F, at a depth of 100 foot and of a gradient 
of 1° F. por 86 foot afterwards, the following table 
shows the temporatures attained at different depths. 


Depth (miles) 4 1 2 t 6 8 
Tomp. °F. 108 MB 228 883 548 708 


Thus in order to attain a temperature cqual to that 
of water boiling at atmospheric pressure, a dopth of 
practically two milos would be necessary, 

Liven assuming these temperatures at the bottom 
of the bore holes to be initially attained, the tempera- 
ture of any steady stroam of water delivered from 
these holes would of necessity be very considerably 
lower, Directly the flow of water commenced tho 
temnporature of the: surrounding rocks would be 
lowered and finally, whon a steady stato was attained, 
only as much heat would be given to the water as 
.cowd bo transmitted by conduction through that 
portion of the earth’s strata sm'rounding the bore 
holes and tho lower reservoir, 

Thus it would bo necesswry to drive to a depth 
having an initial Lomporaturo of four or five hundred. 
dogrces in ordor to obtain aSvorking tomporature of, 
tio hundred degrees, ‘Lhe final tomporaturo would 
depond cntively on the volume of water handled ; on 
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the size of the reservoir at tho bottom of the bore 
holes; and on the heat conductivity of the rock. 

In order to obtain as large a reservoir as possible 
the suggestion has beon made of shattering the rock 
betiveen the bore holes by charges of nitro-glycorine. 
Unfortunately, however, in order to get a cavity of 
any appreciable size, the displaced material must of 
necessity be removed, and this necessitates one of the 
holes being of sufficiently large dimensions lo sorvo 
as a working shaft for this excavation. In_ his 
presidential address to tho British Association in 
1904, the IIon. ©. A, Parsons gave the following as 
the estimated costs and times necessary for the con- 
struction of such shafts, 


Depth Cost ‘Timo in yous 
2 miles £500,000 10 

4 5 £1,100,000 2h 

6 £1,800,000 4 * 


It is true that modern enginecring methods would 
enable both cost and times to be substantially ro- 
duced from these ostimatos, byt still they would 
remain comparativoly onormous, 

A litile calculation enabloy ono to estimate whnt 
would bo tho probablo output of such aw systom, 
Assuming, under stoad$ worldng, thet in the rook 
surrounding the cavity the tomporaturo gradiont was 
as high as 1° I, por 10 fool, we should got » supply 

(cipey 6 
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of Neat by conduction, of about O12 BMILU, por 
xqtuure fool of surfies por hou, If then the cavity 
had a dianoter of sny 00 yards, with an intemal 
aven of 283,000 aque yards, the available supply 
of heat would only be sufliciont to dovolop, with an 
ordinary engine, about 16 horge-power continuously, 
corlitinly an absurdly inadeqrate rotumn for tho 
energy expended in sinking tho boro holes alone, 
Fartharmore noe accomb has Leen fakon of the 
dificnities which would bo oxporionced in en- 
auring an olfective circulation of the water over the 
sufieo of the heuting chamber, In yiow of these 
considerations it would appoar that except in the 
few laculities hofore montioned tho direct utilization 
of this energy on any commeretal scale is quite 
impracticuhle, and that oven in those localities the 
comparatively shallow hore hole with its medium 
fomperatures aflors mich greater commereial possi- 
bilitios, than docs tho deep bore holo with its highor 
tomporntures, : 

Hshould, however, be realised that in virtue of its 
conduction to the carth's surfiee, this onovgy is being 
contiially ntilized in the production of food stuffy, 
and of timber, and in the evaporation of surface 
Toisitre, tnd xo must, wbeib indirectly, always play 
u Targe part tn tho energy fehomo of the globo ts.’ 
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CHAPTER VII 
WATER POWER 


Tou mean annual rainfall af the world is about 
36 inches per annum, giving an average precipitation 
of some 80 million cubic fect por square mile por 
annum on the land of both hemispheres. ‘Taking the 
mean available height of fall as 50 feet, and assuming 
it possible to collect and store fifty per cent, of the 
total rainfall in reservoirs this would give roughly 
120,000 million foot-pounds of available energy per 
square mile of gathering ground per annum, and this, 
if expended in 3000 working hours in hydraulic 
motors having an efficiency of 80 per cent., would 
give a total of 16 mr. per square milo in such 
districts as might bo able to utilize such a fall, 

It is true that in many localities the head which 
may be made available by suitably placed reservoirs 
is much greater than 25 feet, and in specially favour- 
able situations may amount to many hundreds of feet, 
Such, however, are the oxception, and those regions 
which in virtue of their steep gradionts associated 
with heavy precipitation are rich in water powers, 
are not usually otherwise suiied to the support of a 
large population. Still’in the United States alono 
such sources of cnergy, variously ostimated to aggve- 
gato between 36 and 55 million 1L2., are known 40 be 

6—2 
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capable of commercial development. Of these some 
5'3 million HP. were actually utilized in 1908, 

This total is very largely incrensed by water 
powers known to exist in othor parts of the world, 
In this respect South America, Canada, portions of 
British India, of South Africa, and of Europe are 
favourably circumstanced, as indicated in Fig, 11, 
and it is safe to say that those water powors which 
may be successfully utilized when the necessity arises, 
amount to well over 200 million 1P, or more than 
enough to provide mechanical energy for the wholo 
present work of the world. 

In Europe the bulk of the powers aro small, yield- 
ing from a few hundred to a few thousand iP, each, 
but in spite of their moderate sizo the widenoss of 
their distribution makes them specially valuable, 
Little has as yet been dono to dovelop the hydraulic 
resources of the United Kingdom, and indced thoy 
are comparatively very small, Situated mainly among 
the Highlands of Scotland and Wales it is doubtful 
whether they aggregate as much as ono million HP. 

Rapidly as the large water powers of tho world 
arc being developed at the present time, comparatively 
few of them suporsedo the use of fuel. Thoy go rathor 
to building up new indystries and go far thoro is little 
sign of hydraulic developments checking the demand 
for fuel, 

Although the question of tho utilization of natural 


06 NATURAL “SOURCES ‘OF ENERGY [oi 


Water powers -has. lays: bear gf ‘great econome 
importance, the introduction’ and Perfection of eled. 
trical. methods of high:tonsion transmission of oner 47 

or great distances with’ little loss, hava made “ft 
possible, of recent years, to take’ advantage, of sich’ 
powers far remote from hirge conties of industry, and’ 
have groatly enbanced their commercial valug.  Whetlé 
not handicapped by the necessity for costly constrné- 
tional works, such installations can now be made. fo 
accomplish even olectrical heating at a cost not 
greatly in excoss of that of heating’ with coal asia 
fuel, and the time is not far distant when. evry 
cataract of size, whether near or remote ‘from. tlre 
industrial haunts-of man, will be harnessed.and made 


Hy 


to.do its share in the energy schome of the globo, 3. 

The available cnergy of any clovated store of 
water is measured by the product of the head Haid 
of the weight of water which may bo utilized por init 
time, If the fall be measured in feot and if the: 
quantity is'Q cubic feet, or 62-4 Ibs, por second, thig* 
energy available per second is 62°4QH foot-lhs,, equivas’ 
lent, in-a perfect hydraulic turbine, to een Ha 
Actually the efficiency of » turbine does not exceed 
somo. 80 to 85 per cont, whilg if this ‘be utilized :tp, 
drive an clectric gonerator which in tun supplidy, 
current to drive an electric motor, . the combinfer]: 
efficieney of generator and motor. will not usually, 










































































































































































Gumbrhige Uutu Py est 


Fig. 11, The Principal Water Powers of the World. 


vit] WATER POWER 87 


exceed about 82 per cent, Thus whon losses duo to 
transmission between generator and motor are taken 
into account, the energy actually delivered by tho 
latter in the form of useful work will not exceed somo 
60 per cent. of the encrgy of the water supply. 

As the usefulness of a water supply depends in 
most cases on the possibility of maintaining its 
uniformity over long periods of timo, the maximum 
useful power is strictly limited by the minimum 
power which, with the aid of any suggested storage 
system, will be available towards the end of the 
longest probable period of drought. 

This can only be predetermined in any given caso 
from a knowledge of the discharge from the suggested 
gathering ground or catchment area, extending over 
a long series of years. Whore such a record is not 
available a close investigation of the rainfall records 
of the area, or of adjacent areas having the same 
general physical situation and characteristics, will 
enable the minimum probable rainfall under the 
worst combination of circumstances to be calculated. 
When this is known simultanegus measurements of 
the rainfall over tho catchment area and of the 
discharge of the various streams draining it, enablo 
the ratio of rainfall to run-off to be determined, and 
the minimum probable ‘monthly oy annual run-off can 
then, be calculated. 

Of the rain which falls in any watershed, part is’ 


8&8 NATURAL SOURCES OF ENERGY  [on. 


evaporated by the divest heat of the sun; part 
absorbed by tho soil and tho Icavos and roots of 
vogetution ; whilo part finds its way into some spring 
oy stream, and is known as “run-off” Tho propor- 
tions of tho rainfall which avo utilized in these various 
woys vary groutly with the physical characteristies of 
the ground and locality, 

Tho effect of evaporation is much more marked in 
flat than in hilly districts, and in hot and dry climates 
than in thoso more temporate, In a very hot and 
dry climate cvaporation from an open shoot of water 
amounts to as much as 8 feof per ammum, while in 
tomperate climates in hilly districts if may be as 
little as 10 inches por annum. Generally upon per- 
moable soils or upon steep and impervious land this 
logs ig small, 

A given amount of precipitation concentrated in 
a fow heavy showers will give a groator run-off than 
the game amount falling in a continuous but mild 
downpour. Also whon tho soil is baked by a drought, 
a larger portion will run off than when it is slightly 
moist, Rain falling at night gives a larger run-off 
than that falling during the daytime owing to 
reduced cyaporation, while rain falling on frozon 
ground appears almost wholly as run-off The dis- 
charge or run-off from a catclment ares thus varies’ 
within wide limits daily, monthly, and yearly, and 
only bears an indirect rolationship to the rainfall, 
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Investigations on the Sudbury (Boston) water- 
shed" during the years 1875 to 1890 show tho 
following run-off, expressed as a percentage of tho 
yvainfall, 


Period Max, Min. Mean 
January 888 76 ADL 
Tebiumy 2069 42-9 78:2 
March ,.. 2617 74:0 1096 
April. 1883 48°5 109-1 
May... 2602 BOD 62:8 
Juno. 547 140 20°38 
July 20°9 BG 89 
August .,. 612 at 180 
September 80°9 OL 14.2 
October m4 48 231 
November 17L7 113 895 
December 12738 96 525 

Mean 622 819 AD 


This watershed hag an area of 75 sq. miles, and is 
hilly, with some large swamps within its borders. 

In this country, gaugings of tho river Lee during 
the years 1851, 1852, 1856, and 1858 gave tho follow- 
ing results, 


Rainfall Run-off Porcontage run off 
Year (inchos) (inches) of rninfall 
1861 223°+$2 600 26°65 
1852 89°71 9-18 22-7 
1856 28°91, 5°57 28°8 


1858 20°86 4°89 21'0 
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Tho rainfall of a district varies greatly with its 
situation, physical configuration, and altitude, and 
with the direction of the prevailing winds, Where 
these aro charged with moisture through crossing a 
large extent of open water, the rainfall of the first 
high ground encountered by them will be heavy. 

Tho west coast of Scotland, the north-west coast 
of England, the New England States, and Northorn 
California, afford examples of this, The annual vain. 
fall in tho former districts often excceds 80 inches 
while at Seathwaite in Cumberland it averages about 
150 inches. In the New England States it averages: 
from 50 to 60 inches and in Northern California from 
40 10 50 inches, 

On the west coast of India between latitudes 10° 
and 20° north it often attains 260 inches, and in 
isolated districts double that amount. On the other 
hand, the rainfall of a district is small if the prevailing 
winds traverse a large expanse of land before reach- 
ing it, or if they come from a district of high to one 
of lower clevation, Thus the flat districts east of the 
Pounine Chain in England have a rainfall not much 
in excess of 20 inches annually, whilo the middlo 
portions of the United States botween longitudes 
100° and 120° west have a rainfall varying from 
10 inch to 20 inches, . 

Tho method of utilizing a wator supply depends 
largoly on its magnitude and form. Whore it takes 
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the form of a large river its flow may be diverted by 
dams or weirs at each suitable fall in its level, and 
the water may then be passed through a series of 
turbines before being returned to the river, Under 
such circumstances no method of storing the oxcess 
rainfall in wet seasons for use in times of drought is 
practicable, and the minimum discharge at such. 
times determines the maximum power which can bo 
developed continuously, This gives the cheapest, 
form of hydraulic power iistallation, 

Where the source consists of a comparatively 
small stream with a fairly constant flow throughout 
the year, this may be utilized in the same way and 
subject to the same restrictions as the large river. 
But where, as is commonly the case, energy is only 
required for the 8 how's or so comprising a working 
day, the formation of a small reservoir capable of 
impounding a 16-howrs inflow will cnable energy to 
be utilized during the working day at a rate threo 
times as great as the mean rate of inflow. 

Where the supply is very variable from month to 
month, a still larger reservoir cnables the wet weathor 
excess to be stored against the requirements of a 
time of drought, but although desirable and indoed 
essehtial in many cases, the necessary cost of land 
and of constructional Work in connection with such 
reservoirs greatly increases the ultimate cost of the 
power developed. In fact in many cases the cost of 
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such storage facilitics and of the constructional works 
necessary to bring the water from the reservoir to 
the turbines; to regulate its flow; and to discharge 
it to waste, amounts to 75 per cent. of the total cost 
of the installation. 

Hydraulic prime-movers. The fivst hydraulic 
prime-mover was a woodon paddle wheel, with its 
paddies dipping into, and driven by, the current of a 
stream, and as such & machino was at first only 
required to do the work previously performed by 
manual labour the power required was small and the 
efficiency of little importance, The construction of 
these early wheels was of the most primitive type, 
but was gradually improved. Iron replaced wood ; 
improvements in design led to increased efficiency ; 
tho demand for larger powers led to the utilization 
of higher falls and to the consequent development of 
a machine in which the water was admitted to the side 
or top of the wheol, until a type of water-whecl was 
evolved which, within its limitations, was as officient 
as the most modern of turbines, Its chief dis- 
advantages lay in its slow speed of rotation, the 
impossibility of close speed regulation, and in the 
large size of wheel required for oven small powers. 

For the purposes for which it was first required 
those drawbacks were not sorious, but the introduction 
of more modorn machinory involved tho necessity for 
a motor which, having a fairly high speed of rotation 
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in order to avoid excessive gearing losses, should be 
capable of close speed regulation and of utilizing 
higher falls and large volumes of wator, For such 
purposes the water-wheel has been almost entirely 
superseded by one or other type of turbine. 

The Pelton Wheel. Although the ordinary water- 
wheel is unsuitable for large powors, or for utilizing 
a head of more than twenty or thirty feet, onc form 
of water-wheel—the Pelton Whecl—is well adapted 
for large powers and for the highest heads, In fact 
for heads of more than about 400 feet, for units 
developing less than about 1000 x1P,, it willin general 
be found to be the most suitable form of motor, while 
for units up to 10,000 =P. it is for many purposes 
to be preferred to its only serious rival, the inward 
vadial-flow twrbine. 

In an installation of this type, wator is led from 
the elevated storage reservoir through a pipe line 
terminating in one, or sometimes tivo, nozzles, which 
play on to a series of buckets fixed around tho 
periphery of the wheel. In « modern wheel the 
buckets are of the general form indicated in Fig. 12. 
Each has a sharp-edged central ridge which catches 
the impinging jet and divides it without splash into 
tyo portions which are deflected backwards by tho 
concave surfaces of th8 bucket. Tho periphoral speed 
of the wheel is about one-half the spouting velocity 
of the jet, so that the absolute velocity of tho wator 
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leaving the buckets is very low, and, in a well de- 
signed whoel, when the water drops out of the buckets 





Fig, 12. Diso and Buekots of Pelton Wheel, 


into the tail race it. has converted some 90 per cent; 
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of its initial energy into work. - The supply of water 
to a Pelton Wheel is usually adjusted by means of a 
needle-regulator. This consists of a cylindrical needle 
of tapering’ section fitted inside the nozzle, axially 
with the. jet.. The water flows through the annulus 
between the needle and the nozzle and forms a solid 
cylindrical jet on leaving the needle, The latter is 
capable of axial motion in the nozzle and may be so 
adjusted as to fill the orifice either wholly or partially. 
Tts position, and therefore the size of jet, is regulated, 
either by hand, or, -more usually, by means of a 
hydraulic relay cylinder which is operated through 
the governing mechanism, which thus regulates the 
supply of water to the wheel in accordance with the 
demand for power, : 

Such an installation is eminently well adapted for 
driving high-speed electrical machinery;.is capable 
of very accurate speed regulation ; and has an overall 
efficioncy which for all powers from one-half to full 
load is in the neighbourhood of 80 per cent, 

' The Pressure Turbine, Whore it is desired to 
develop a large power in a siggle unit with a com- 
paratively low head of water, the yolumo to be 
handled is of necessity large, and in a Pelton Wheel 
this would only be possible with jets of large diameter 
or with a number of jets playing on to a single wheel. 
Tn practice it is found that if more than two jots are 
‘fitted these interfere with each other :to an extent 
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which seriously reduces tho efficioncy, while tho 
diameter of the jets cannot, for various reasons, bo 
increased to much abovo six inches. Whore this 
would uot cnable tho requisite power to be obtained, 
the Pelton Wheel ia unsuitable and some form of go- 
called Pressure or Reaction turbine is used, 

Such a turbino differs from a Pelton Wheel in two 
important respects, In tho first place it is always so 
designed as to allow of water boing admitied simul- 
tancously at all points on its circumference, thus 
enabling a much greater volume of water to be 
handled and a much greater power to be developed 
with the same size of wheel. In the second place, in 
the Pelton Wheel the whole head of the supply wator 
is converted into kinetic oncrgy in the nozzle before 
it enters the wheel, and tho water during its passage 
through the buckets is thus everywhoro at the samo 
(atmospheric) pressure, In the Pressure Turbine, on 
the other hand, the water leaving the guido vanes 
and entering the whoel is under pressure and thus 
supplics onergy partly in the kinotic form and partly 
in the form of pyegsure energy. In its passage 
through the wheel this pressure is gradually converted 
into kinotic enorgy and the water is finally dischargod. 
at a prossure not sensibly different from that of the 
atmosphere, 4 

In a pressure turbine the goneral direction of 
flow through tho wheel may be cithor radial, or 
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parallel to the axis. If radial it may be cither in- 
wards or outwards. The first pressure turbines were 
of the axial flow type. These were largely replaced 
by machines of the outward radial flow type, which, 
in turn, have given way to the turbine having inward 
yadial flow. All large modern machines are of the 
latter type, modified in most cases so as to give an 
axial, or partially axial discharge, and this type of 
turbine—called after its inventor the “Francis” 
turbine—marks what is at present the highest de- 
velopment of turbine design, 

Such a machine consists essentially of a ring of 
fixed guide passages, or vanes, which surround the 
periphery of the wheel or runner, and guide the 
supply water into a direction more or lexs tangential 
to the latter. ‘The runner itself carries a serics of 
yanes which are so designed as to receive, without 
shock, the water leaving the guido vanes, and to 
change its direction, finally discharging it into the 
discharge pipe with zero tangential motion. In tho 
procoss its tangential momentum is destroyed, and it 
is this change of tangential mamentum which gives 
rise to the turning momont on the wheel. 

Figs. 138 and 14 show tho construction of such 
® machine, having a runner 6 ft, 6 ins, in diameter, 
and designed to doveldp 10,000 HP, at 300 revs. per 
minute, under a head of 260 feot. In this turbine 
the guide vanos are mounted around the inner 

an, 7 


98 NATURAL SOURCES OF ENERGY [ux, 


periphery of an annular spiral casing to which the 





Discharge 
Pipe 


Fig. 18, Longitudinal seotion of Singlo Wheel Franols Turbine, 
Aeveloping 10,000 1,2. ab 300 rovt, por minuto, under 200 foot 
head, Dinmetor of runner, 06 inshes, 


prossure water is suppliod from thesupply pipe, ‘These 
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guide vanes are not fixed, but are pivoted so as to be 
capable of rotation about their own axes, Hach vanc 
is coupled, by means of a short lover mounted on its 










SB Gurde Vanes 
84 Wheel Vanes 





Fig. 14, Oross Section and End Hlovation of 10,000 1.9, 
Francis ‘fwbine, 


pivot, to a movablo rifg which is outside the iurbino 

casing and is concentric with the turbine shaft. This 

ring is rotated by moans of a rack-and-pinion gearing 
7-2 
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whicly is actuated by the governing mechanism, 
Rotation of the ring produces a rotation of each 
guide vane and thus increases or diminishes the 
’ effective arca of waterway between adjacent guides. 
The turbine itself has only one bearing but is directly 
coupled to an electric generator having two bearings, 
making the whole unit a three-bearing machine, 
Although the method of regulation by pivoted 
guide vanes is by far the most satisfactory and gives 
higher part-load efficiencies than any other method, a 
machine thus fitted is somewhat expensive, and where 
a machine is to run almost continuously at full-load, 
or where high part-load efficiency is not important, 
regulation by a cylindrical gate permits of a cheaper 
construction, In such a turbine the supply of water 
is regulated by means of a sliding ring or: cylinder 
which works in, the small annular space between 
the wheel and guide vanes and is capable of. axial 
adjustment, When in its tivo extreme positions it 
respectively entirely cuts off, and offers no resistance 
to, the supply of water to ‘the wheel. Its working 
position, intermediate between the two extremes, is 
regulated by the govornor, and the system affords a 
yery simple and effective means .of regulation whose 
chief drawback is that it is ver ry wastoful of onorgy at 
part-loada. ® 
Tn spito: of the many advantages of the Francis 
turbine, its high first cost prohibits its use. in many. 
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instances, and the demand for a cheap turbine suit- 
able for medium falls has led to the development of 
a type of machine known as the “mixed flow” or 
“American” type turbine, In such a turbine the 
yatio of depth to diameter of the runner is much 
greater than in the normal Francis turbine. As in 





Fig. 15. Runner ‘for American Type Mixed Flow 
Prossure Turbing, 


the latter machine, water enters the wheel with 
inward radial floy. After the inlet tho buckets ayo- 
howover curved both laterally and yortically, The 
water in its passage through the wheel traces out a 
path which. is approximately a quadrant of a circlo, 
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and is finally discharged partly in an axial and partly 
in an ontward radial direction, 

Fig. 16 shows such a wheel as filted to a modorm 
turbine of this type. 

Ag thus construciod, an extremely large inlet and 
outlet area may bo obtained with a runner of com- 
paratively small diameter, and the volumo handled 
and the powor developed are large in comparison with 
tho first cost. Although at full power the efficiency 
of such a machine is little less than that of the more 
expensive T'rancis turbino, iis part-gate efficiency is 
usually considerably less, 

Tn order to prevent flooding of a turbine installa- 
tion by the banking up of the tail raco water in times 
of flood it is usual to placo the power house at a 
sufliciont clevation above the tail race. If tho water 
wore discharged dircetly from the turbines at atmo- 
spheric pressure, and were allowed to drop into the 
tail race, the head duc to this clevation would bo 
entirely lost, and in @ plant operating under a low or 
modium head this would be a sorions source of Joss, 
Yo avoid this tho turbine is mado to discharge into 
an air-tight “suction” or “dranght” tube which 
dolivors the water below tho surface of the tail race. 
When the turbine is storied up the rush of water 
jects the air from this tube, and when steady flow 
enstios tho pressuro at the point of discharge from 
the turbino runner is Joss than atmospheric by an 
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amount equivalent to the clevation of this point above 











Wig, 16. 10,000 n®v, Turbincs at Niagara Fells. 


the free surface in the tail race, The effective head 
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is thus the same as if tho turbine, discharging frecly 
Into the atmosphere, woro situated at tail race level. 

The general arrangoment of a turbine installation 
may be modified in many ways to suit circumstances, 
Whore the head is low the turbine may well bo 
erected in the open head race without any wheel 
casing. Where tho head is greater than about 
40 feet, however, the necessity for making the wheel 
readily accessiblo renders a casing essential In 
some recent installations, notably that of the Canadian 
Niagara Power Co. at Niagara Fails, the turbine itsolf 
is placed at the botiom of a well of considerable 
depth and its power is transmitted, by means of a 
vortical shaft, to the electrical generating machinory 
which is placed above the level of the head waters, 
Tig. 16 shows the general arrangement of the turbines 
installed in the Power Louse of the above company, 
These machines have two rumors on each shaft and 
dovelop 10,250 1.2. ab 260 revs. por minute under a 
head of 133 feet. Power developed in the casing C 
is transmitted through the tubular stecl shaft S Lo 
tho generator G, Shaft § is 40 inches diameter and 
fr inch thick, The" total woight of the rotating 
parts is 120 tans aud this is balanced by hydvaulic 
prossure on tho bottom face of the Jowor rumor and 
on the lower face of a special balanco piston kayed to 
tho shaft. 

Electvie Generating Machinery. Where the 
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electric current is to be utilized in the immediate 
neighbourhood of the plant, or for clectric railvay 
service, direct current generators may be used. 
Under other circumstances alternating current, with 
from 25 to 60 cycles per second, is more suitable. 
The current is usually generated at about 2000 volts 
pressure and is transformed up to the lino voltage for 
transmission. ‘Che latter voltage may be anything 
between 2000 and 100,000 volts, the higher the pres- 
sure the greater the power that can be delivered 
over a given conductor. 

Cost of Water Power Installations, The cost of 
a water power installation varics greatly with the 
local circumstances and physical characteristics of 
the site. Where the available head is great, and 
the storage reservoir is provided by some natural 
Jake, it may be comparatively small. Where, on the 
other hand, extensive works are required in order to 
render the water available at the power house the 
cost may be largely in excess of that of a sicam plant 
to give the same power. An cxamination of some 120 
European installations, most of which are supply- 
ing power for electrical distribtition, shows that for 
large installations of upwards of 10,000 mp, the 
minimum cost of the hydraulic works is £8 88. 
per m7, and the maxknum £79. 11s, per mr. For 
tho majority of the installations this cost por IP. 
lies between £25 and £15. The cost of the purely 


106 NATURAL SOURCES OF ENERGY  [on. 


olectrical part of the installation also varics greatly, 
‘ranging from £1. 53, to £28, 8s, per IP, while tho cost 
of the turbines ranges from about £4 to £8 per mp, 
he working costs vary botweon £1. 68. and £6. 168, 
por ILP. por annum, with an avorage value of £3, 
From theso figures it appears that on the averago, 
making an allowance of 15 per cont. for intercsat on 
capital and depreciation, tho cost per 5.2, por annum 
is in the neighbourhood of £10, 108, With coal or 
oil fuol at its present price, this is largely in excess 
of the cost of energy developed in a largo modorn 
heat-cngino plant, It is truo that in many installa- 
tions which aro favourably situated the cost is much 
loss than this. For oxample, at Niagara Falls power 
is generated at a cost in the neighbourhood of 15s, 
por HP, por annum. Such installations aro, however, 
the exception, and it may bo taken ag a genoral 
rulo that at tho present time heat-engino power is 
commercially more profitable than hydraulic power 
gonorated from the averago installation, except in 
localities whore tho cost of fuel is abnormally hish. 
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CIIAPTER VII 
TIDAL POWER 


In virtue of its diurnal rotation about its own 
axis the earth possesses a store of kinetic energy 
whose amount is of the order of 3'7 x 10° foot-ponnds, 
It is impossible to make use of this enorgy directly, 
but since the effect of the rotation, combined with 
the gvavitational attraction of tho stm and moon, 
is to produce tides twice daily in the various bodies 
of water distributed over the carth’s surface, any 
work which may be performed by tidal water during 
its vise or fall is due indirectly to the rotation, 
and must ultimately tend to reduce the velocity of 
rotation, and hence to increase the length of the 
sidereal day. Since, however, the length of the day 
would only be increased by about two seconds by the 
continuous abstraction of an amount of energy equi- 
yalent to 100 million #.P. for a million years, thore 
would appear to be small reason for considering the 
effect of this on postority. é 

In the simplest form of tidal power installation 
water is impounded in an artificial basin at high 
tide, and is allowed to escape into the sea through 
a series of turbines &t and near low tide. Various 
modifications of this simple system are possible, and 
afford certain advantages, 
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If tho whole of the water bo stored until say one 
hour bofore low tide and be alloted to do tho whole 
of its work during the next hour, the turbines will 
be working under a variablo hoad having a moan 
value a little less than ono-half tho total tidal range. 
As the hour during which onorgy is being developed 
gradually works round tho clock with the change in 
the time of low tide, it is ovident that only on occasion 
will it ocour during the ordinary working day, so that 
a storage plant, capablo of absorbing the whole half. 
daily output, will bo required as an essential part 
of such an installation. 

In a second, and in some respocts a preferable 
scheme, the turbines aro allowed to work under an 
approximatcly constant head of about four fect, As 
soon as the level in tho storage basin is say four feot 
abovo that of the ebbing tide, water is allowed to 
flow into the sea through the turbines, and the rate 
of flow is adjusted so as to keep the difforenco of 
Icvel on the two sides of the turbine constant until low 
tide. Assuming a mean tidal rango JZ of 20 foot, 
the level in the storage basin would thus ouly be 
allowed to fall through about 16 feot, and tho avyail- 
able energy, with a givon area ‘of basin, would only 
bo about one-third of that in tho provious cago, As 
against this thefactof working at constant hoad groatly 
simplifies the problem of specd rogulation and tends 
to greater efficiency in the turbines, while, since the 
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installation is in operation for about five hours at 
each tide, as against one hour in the former case, the 
necessary capacity of any storage battery or accumu- 
Jator may bo somewhat reduced. 

Even with this system of operation, however, the 
necessary capacity of such accumulators would be 
considerable. Power would be directly available 
from the turbines for two periods of five hours each 
daily, at intervals of about 74 hours, and assuming 
a ten-hour working day, the slack interval would 
from time to time be entirely included in the 
working day. The necessary storage system would 
thus require to be capable of storing some 76 por 
cent, of the daily demand. 

With a duplicate system of turbines, arranged 
to work under a constant head, one system being 
operated by the inflowing tidal water, and the other 
system as before by the outflowing water, the work 
done per day with a given area of basin would be 
practically doubled, and it would then be possible 
to get useful work delivered from one or other scrios 
of turbines for four intervals daily, cach of about five 
hours’ duration and separated by idle intervals of 
about 14 hours, In this case the capacity of tho 
requisite storage plant would only require to be 
sufficiontly great to carry the plant over a 14-hour 
period, or about 20 per cent. of that needed with 
a, single battery of turbines. 
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Tho nbcossity for largo cleciric. storago systems 
forms ono serious drawback tp other of the forogoing 
schomes, although this is pot at all impracticable, 
evyon with tho means preséntly: available. A. tidal 
power yiolding 60,000 1mP, over a ten-hour working 
day, and having two five-hour working periods, would 
require a storage battory with a capacity of about 
876,000 1.2. hows, ‘his would probably be put up 
for about £650,000, on which, reckoning intorest and 
depreciation at 16 per cent, the annual charge would 
be £82,500, or £1. 16s. per P. per annum. With 
duplicate turbines the storage capacity would require 
to be about 75,000 1.P. hours, costing about £110,000, 
and the annual chargo would only amount to about 
7s, Gd. pov TP, per annum, Against this, however, is 
to bo placed the first cost and upkeop of the additional 
turbines, so that on the whole the ultimate cost of 
the two schomes would not bo widely different, 

With tho whole of the wator discharged during 
the hour around low tide, more claborate turbines 
would be needed to enable fairly constant speed to 
be maintained ovor.the whole range of heads, and 
the cost of tho necessary storage batteries would be 
some 33 per cont, more than with the two five-hour 
working poriod system, On the other hand, the 
requisite area of the tidal basin per uP. developed 
would only be about one-third as great as in the 
lnttor case. 
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The necessity for “any storage system may bo 
obviated by the pr ovision of duplicate tidal basins 
separated by a wall in which the turbines are placed. 
If the lower basin be slowed to communicate with 
the sea during the lowor third of the tidal range 
whilo the tide is falling, and the upper basin during 
the higher third of tho tidal range while the tide 
is rising, the upper level nover being allowed to fall 
below #4 and the lower level never allowed to rise 
above 4H, the available head over the whole tidal 
yange varies between about ‘55H and ‘80H with a 
mean value of about $H. 

If the area of each basin be A square feet, a 


volume of water equal to su cubic feet may be 


passed through the turbines during the ton hours 
or so comprising the working day, and assuming a 
mean head of 20 feet and a turbine efficiency of 
80 per cent, this would give 3100 HP. for each 
square mile of area, This might be increased by 
possibly 25 per cent. by allowing the variation of 


level in the tidal basins to equal z but the advantage 


would be largely counter’ leis by the necessity 
for more costly turbines and by the greater difficulties 
of successfully regulatitg the speed. 

The climination of storage batteries in this scheme 
is, however, only obtained at the expense of a greatly 
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increased tidal-basin area; aud for a given horse- 
power ovor a ien-hour working day tho combined 
aren of the two necessary basins would be about four 
timos as great as in the first of the preceding schemes 
33 per cont. greator than in the second, and about 
2% times as great as in the third schomo (duplicate 
turbines), A. special consideration of the circwm- 
slancos of any proposed installation is thus necessary 
to determine which of these methods of operation 
offers tho greater advantagos. 

In tho course of operations carried out to improve 
tho navigation of the Soine some twenty years ago, it 
was found possiblo to make the necossary training 
walls near ILonflenr® enclose tivo basins with a total 
aren of 2600 acres, Those basins were divided by 
a bank in which turbines were crected. ‘The cost 
of the special works necessary, not including the 
tvaining walls, worked out at £72,000. Tho tidal 
vange varies from 10 to 26 fect, and this gives an 
available horse-power of 3400 at neap tides and 8800 
at spring tides. ‘Taking the smaller yaluo as boing 
constantly availablo, the capilal cost is £21, ds. por 
horso-powor developed at the turbine shaft, while on 
the mean powor developed the cost becomes £11. 168, 
por horse-power, 

Although tho cost of the training “walls would 
greatly increase theso values, it is ovidont that in 
special cases this method of utilizing tho onorgy of 
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the tides is quite feasible, even with coal at its present 
price. 

Tho only tidal powers to be taken seriously into 
account are such ag exist in localities where the tidal 
yange is large and where, owing to natural advantages, 
comparatively short embankments or sea walls may 
be mado to cut off large shects of water. Such 
localities are to bo found among the deep narrow 
fiords of Norway and among tho Scottish lochs, but 
probably the most noteworthy is the Bay of Fundy, 
with its forty-foot tidal range. 

The inner extremity of this bay forms an almost 
jJand-locked basin, having an area of more than 100 
square miles, ‘The headlands at its outlet are less 
than three miles apart, and it is safe to say that 
through this narrow gap energy, equivalent to more 
than 100,000,000 112. hours, runs to waste during the 
ebb and flow of each tide, To utilize this would 
require an engineering feat more tremendous than 
anything yot attempted by man, but in years to come 
the game may be worth the candle. 

Various other methods of utilizing tho rise and 
fall of the wator during the ebb and flow of the tide 
have been anggested, ranging from the compression 
of air in huge cylinderg during tho rise of the tido to 
the uso of floats which, during their rise and fall, 
operate gearing by which dynamos are to be driven. 
A little consideration of the necessary cost of any 
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such: devices, hawever, shows that this would be 
altogether disproportionate to any possible return, 
while the. necessity for constructing these so as to 
withstand the enormous forces brought to bear on 
them during a storm appears generally to have 
escaped the notice of their inventors. 

The energy of wave motion, Much ingenuity has 
been expended in the attempt to devise-a successful 
waye-motor to develop useful energy by the rise and 
fall of the waves. In one device the rise and fall 
of a float carrying a plunger working in a stationary 
cylinder is made to compress air at each upward 
stroke, and various elaborations of this idea have 
beon suggested. But of all the attempts to utilize 
natural sources of onergy on any large seale, this 
must always be the most hopoless, not only from the 
fact that for weeks on end such an apparatus may be 
idle for lack of motive power, but also because of its 
enormously great cost por horse-power developed. 
However great may become the demand for enorgy 
in the future, it is dificult to see the slightest 
prospects of utilizing the enorgy of the waves with 
SUCCESS, ; 
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CHAPTER IX: 
WIND POWER 


UnpsEr favourable conditions the windmill is the 
most economical of all prime movers, since it is at 
once fairly cheap in itself and receives its energy 
perfectly free. The great drawback to wind power 
is its irregularity and uncertainty, and it is only in 
the region of the trade winds that it may be. con- 

- sidered ag anything like reliable. Furthermore, the 
largest windmills are of comparatively small. horge- 
power, and in view of ‘the massive and. costly 
construction which would be necessary to enable 
‘a large mill to withstand such forces as might 
be brought to bear upon it during a gale, it is ex- 
tremely unlikely that this prime mover -will be built 
in much larger units than are in use at the present , 
time, Calculations show that a unit to give an 
average output of 1000 horse-power would require. 
a wheel of about 300 feet diameter, and such a plant 
would probably cost at least twenty times as much as 
one designed for. 100 horse-power, Moreover, such 
a wheel, because of its comparatively large frictional 
resistances, would cqtainly be unable to take so 
great advantage of the lighter breezes which form 
so great a proportion of the whole, as would one of a 
lighter construction. 

8--2 





Tig. 17. Annulo: Wind-Wheol driving a Saoop Whool 
for fon drainage, 
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The average velocity of the wind is low. In most 
places it is between 6 and 10 miles per hour, corre- 
sponding respectively to wind pressures of about 
195 and ‘61b. per square foot. Inland a 10-milo 
breeze usually blows for about 50 per cent, of the 
time, and a breeze of more than 6 miles per hour 
for about 76 per cont, of the time, In favourable 
localities inland a 16-mile breeze may be expected. 
for about one-third of the year, while in some ex- 
posed positions in the neighbourhood of the sea 
coast the average for the whole year is as great as 
16 miles per hour. 

Generally speaking velocities of less than 10 miles 
per hour are of little use, while velocitios of over 
20 miles per hour necessitate sail area being reduced 
in order to prevent extessive specds of rotation, 

Unfortunately, too, the windy periods do not 
occur at regular intervals, and wherever the plant 
be situated calms of several days’ duration must be 
provided for, It follows that, if required to give 
a constant supply of energy, any wind-power in- 
stallation must include provision for storing a 
comparatively huge proportion of its total output. 

Proposals have been mado to erect batteries of 
windmills driving dynamos and to store the electrical 
energy in secondary’ batteries until required. A 
rough estimate, however, shows that tho cost of such 
a storage plant to store a fortnight’s supply would 
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bo in the neighbourhood of £140 per horse-power, 
and that the annual charges and depreciation would 
amount Lo some £26 per horse-power. Wher to this 
ig added the first cost and annual charges of the 
windmill itself, it is evident that in spite of the free 
supply of wind onergy tho nott cost of utilizing this 
would be enormously in excess of tho cost of steam, 
gas, or water power. 

Jé has also been proposed to store the surplus 
onergy by utilizing it to pump water into a reservoir 
or gcries of olevated tanks from which it may be 
allowed to flowy through a turbine when required. 
With a convenient reservoir at hand this method 
need not be at all costly, but if it were necessary 
to construct a special reservoir or to build tanks the 
nott cost per horse-power would be little if any less 
than with clectrical storage battories, 

Prof. Fossendon (British Association, 1910) has 
suggested sinking a shaft about 1000 fect deop, 
excavating a turbino chambor and resoryoir at the 
bottom, and utilizing this, instead of an Glevated 
reservoir, as a storage system. ror a plant to 
develop 1000 horse-powor for say 60 hours per weok 
would require a storage capacity of roughly 90,000 
cubic yards for cach weok’s supply. Assuming a 
fortnight’s storage and a down shalt 0 foot in dia. 
metor, this would involve some 190,000 cubic yards 
of excavation, which, even at the low ostimate of 
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88. per cubic yard, given by Prof. Fessenden, would 
amount to £76,000, or £76 per horse-power. When to 
this is added the cost of the turbine and its appur- 
tenances, including a dynamo, it is evident that this 
system of storage would necessitate a capital cost in 
the neighbourhood of £100 per horse-power. 

A further difficulty in the utilization of wind 
power arises from the difficulty of speed regulation 
in any exact degree, If the velocity of the wind is 
doubled its pressure on any exposed surface is quad- 
rupled, and hence with a windmill driving a constant 
load the speed is considerably increased. With con- 
stant vane angles the speed of rotation for maximum 
efficieucy varies directly as the speed of the wind, 
and under these conditions the output varies as the 
cube of the speed. Thus, doubling the speed of 
the wind increases the output eightfold. Generally, 
owing to the comparatively high frictional resistances 
of the mill itself, the power available for doing work 
with a light breeze is comparatively small, and an 
increase’ in the velocity of the wind increases the 
output of the wheel in a grater ratio than even 
the cube of the speed. ‘Thus a woll-constructed 
windmill will just commence to rotate with a breeze 
of 3 or 4 miles per hour, and will pump ten times 
as much water with % ten-mile as with a five-mile 
wind. On the other hand, the speed of the mill can- 
not be allowed to increase at the same raic ag that 


120 NATURAL SOURCES OF ENERGY — fur, 


of the wind for very high velocities, so that at these 
yelocitios the working becomes inefficient, Thus tho 
ordinary annular-dise wind-wheel will only pump 
some 60 per cent. more water with a breoze of 15 
niles per hour than with a breezo of 10 miles por 
hour, whilo an incrcaso up to 20 milos per hour only 
ineveases the discharge by a further 26 per cont 

To take the fullest advantage of the varying 
velocity and pressure of the wind the wovk done by 
the wheel should increase as the eube of the speod 
of rotation, In the reciprocating pump the power 
increases only slightly more rapidly than tho speod, 
and considorably better resulis might bo obtained 
for fairly largo powors at high speeds by utilizing the 
wheel to raise water by means of a centrifugal pump, 
In this caso the power increases slightly more rapidly 
than the square of the speed with a given pumping 
head, Altornatively the wheol might be coupled to 
a dynano designed to give constant voltage over a 
fairly wide range of speed. 

On the whole, although windmills have their uses 
as adjuncts in a gengral scheme of power supply, 
thely utilization of the energy of the winds on any 
considerable scalo has little to commend it. Like 
tho carth’s internal hoat there is abundance of it 
as a wholo, but little that can be utilized officiontly, 
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CHAPTER X 
CONOLUSIONS 


From a consideration of the facts and figures 
quoted in the foregoing pages, it is evident that to 
our present knowledge, even when the fossil fuels 
are exhausted, ample supplies of energy, renewable 
year by year, will remain for all the conceivable 
activities of the human race. Nor, indeed, in view 
of the gradual perfection of processes, is there any 
reagon to anticipate that the average cost of such 
energy, taken the world over, will be very largely in 
excess of that of the fuel energy of to-day. 

For tho present, and for some considerable time 
to como, the fossil fuels will, in the majority of our 
present centres of activities, provide the cheapest 
and most convenient sources. These will be supple- 
mented to an ever-increasing extent by the output 
of our rivers and waterfalls, whether near or remoto 
from such centres, As, owing to the diminishing 
supplies of casily won coal- and oil-fucl, the cost 
increases, it would appear that the steam plant with 
its wasteful utilization of this energy will gradually 
become obsolete, except for very special purposes, 
and will be replacod by the more economical gas 
producer with its gas engine or turbine. Plants 
developing comparatively hugo powers will probably 
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bo installed in the immediato vicinity of the coal- 
fiolds, and will genorate onergy to be transmitted 
olectrically to convenient centres of industry, while 
the nitrogon of their fuel will be recovered and 
returned to the ground in the form of salis of 
anunonia, 

Ag the cost increases still further, the considerable 
poat deposits of tho globe will be utilized, along with 
the poorer bituminous shales of which such immense 
deposits ave found in the United States, 

During tho whole of this time, however, the stimu- 
lus of increasing prices will have led to the extensive 
development of power from vegetable sources, from 
solar energy, and, where convenient, from the ‘tides 
and to a small oxtent also from the winds, Probably 
it ig safe to say that energy equivalent to that of 
coal aG something under £3 per ton could, under 
favourable circumstances, be produced from any of 
those Inttor sources. As each is successively tapped, 
it will automatically check the demand for, and the 
increase in the price of coal, and since, at our present 

«vate of consumption, the world’s coal-fields would 
probably last at least 2000 years, there is a strong 
probability that even with any likely increase in the 
general demand for power in the future, such fuel 
will remain an important factor in the energy acheme 
of the globe for at least this length of time, Ultt- 
mately of course its exhaustion is inevitable; but 
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there can be nothing of the nature of a sudden 
change in such social or industrial conditions as 
would be affected by such exhaustion, 

Little by little the hydraulic powers of the world 
will be ‘pressed into service; acre by acre, fresh 
areas of the earth’s surface will be brought under 
the intensive cultivation of such vegetable products 
as will yield the maximum output of fuel-value; 
solar plant after solar plant will be installed in 
regions adapted to their needs; some of these will 
probably transmit their energy to distant localities 
favourable to industrial life ; others will enable what 
are now the waste places of the earth to be irrigated 
and to support human activity, and around them. will 
gradually grow centres of industry: until when the 
last of the fossil fuel is consumed its loss will probably 
not be greatly felt. 

But although mankind as a whole may not have 
suffered greatly by the change, and indeed may have 
benefited in some important respects, such an entire 
change cannot take place without having an enormous 
effect on the general distribution of activity on the 
earth’s surface; and in the process isolated com- 
munities. must inevitably suffer. The coal strikes of 
recent years afford a striking lesson of the suffering 
and dislocation of the social system which. is pro- 
duced in such a community as our own by. even a 
temporary shortage of the coal supplies. And while 


igd NATURAL SOURCES OF ENERGY [on 


on the whole there is no reason for pessimism, or 
for doubt ag to the possibility of maintaining the 
agprogate state of activity of the world, there is a 
groat doal of raom for dowht ag to the effect of these 
changes on the state of our own and shuilarly situated 
comnumities, 

Tn this, as indeed in tho majority of the tudustrial 
comnuunities of Huvope the water powers ave, in the 
aggregate, of trifling amount; the climate vendors 
the direct use of solar energy impracticable; tho 
aveas which might be wiilzed for the pyrowth of 
timber or of other vegetation for power purposes are 
inadequate to provide fuel for more than an {ncon- 
sidorable fraction of the industrial voquiroments; 
and in short the prospects of maintaining our present 
sipromacy ag an industrial community in compoti- 
tion with other regions moro favoured by nature, are 
remote, 

It is two that in our own caso much might be 
done by the importation of comparatively chonp fuel 
—such as alcohol—while tho prospoots of supplying 
Southern Kurepe with powor transmitted clectri- 
cally from solar installations in tho arid regions of 
Northern Africa aro not wnrersonnbly small But 
in any caso the handicap will bo heavy. Whother 
sufficiontly sovero to conntorbalance the advantages 
of a tomporate climate conducive to tho dovelop- 
mont of the most energetic sido of man’s nature 
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remains to be scen. Burdened as we are by the 
necessity for a huge supply of fuel merely to enable 
existence to be maintained in comfort during a large 
portion of each year, the probability indeed is that 
it will be so, and that the coming ages will see a 
gradual drift of the industrial centre of gravity of 
the world towards warmer climes where, at all events, 
the necessity for artificial heating for domestic 
purposes will be largely non-existent. 

Under the impetus of such a movement world- 
wide social and political changes will of necessity 
occur. Those regions favoured with an abundant 
supply of natural energy must gradually attain an 
importance altogether out of proportion to their 
present status, and an empire controlling such 
countries as Egypt, South Africa, Australasia, India, 
Burmah and Canada would appear to have every 
reason to rest content with the possibilities of the 
distant future, The United States also, with its 
South American neighbours, is not likely to suffer 
relatively by the change. The chief sufferers, from 
the point of view of national importance, are likely 
to be those northern industrial nations with no 
appreciable colonial possessions, and in view of this, 
the strenuous endeavours of such nations to obtain a 
due share of the sufwwashed regions of tho world 
become moro than ever natural and intelligible. It 
would be true: pootic justice if those regions from 
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which originated tho earliost civilizations of mankind 
camo to be the contros of tho latest civilization of 
all, and in spite of the vast changes which this would 
involve it is far from boing impossible, or oven 
improbable, that such will be the cago. 
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